Orbital Spacecraft Consumables Resupply System (OSCRS): Monopropellant application to space station and OMV automatic refueling impacts of an ELV launch, volume 4 by unknown
MCR-87-1339 
DRD-10 
Contract NASS-17585 
F 
Volume IV Final Report September 1987 
Monopropellant Orbital Spacecraft 
Application to Space Station 
and OMV Automatic Refueling 
Impacts of ELV Launch 
Consumables Resupply 
System (OSCRS) Study 
https://ntrs.nasa.gov/search.jsp?R=19880002359 2020-03-20T08:43:16+00:00Z
MCR-87-1339 F ina l  Report 
Vo1urr;e I V  
ORBITAL SPACECRAFT CONSUWABLES RESUPPLY SYSTEV 
(OSCRS 1 
MONOPPOPELLAHT 
APPLICATION TO SPACE STATICH Ab!D O W  
AUTOMATIC FEFUELI tJG 
IMPACTS OF AH ELV LAUNCH 
(DR@-l@) 
Approved by : 
Thomas R. Tracey L/ 
Program Manager 
Prepared f o r :  
E!ational Aeronautics and Space Admin is t ra t ion  
Johnson Space Center 
Contract NAS9-17585 
P a r t i n  i i la r ie t ta  Astronaut ics Group 
Space Systems Company 
,Denver, Colorado 
This r e p o r t  documents work conducted by Mar t i n  Mar ie t ta  Astronaut ics 
Group under con t rac t  MAS9-17585, Orb i ta l  Spacecraft Consumabl es 
Resupply System (OSCRS) . 
Aeronautics and Space Admin is t ra t ion Johnson Space Center, Houston, 
Texas. 
Div is ion.  
study the operat ion o f  the OSCRS a t  the Space S ta t i on  and on the 
Orb i ta l  Manuevering Vehicle using automatic re fue l i ng ,  and launching 
OSCRS on an Expendable Launch Vehicle. 
The con t rac t  i s  administered by the National 
The NASA P ro jec t  Manager i s  Nancy Munoz, Propulsion and Power 
This r e p o r t  provides the r e s u l t s  o f  the con t rac t  changes t o  
Personnel who made s i g n i f i c a n t  con t r i bu t i ons  t o  t h i s  r e p o r t  a re :  
Thomas R. Tracey - Program Manager 
Sam M. Dominick - F lu ids  and Systems Cesign 
Terence A. Makdad - Avionics Lead 
R. E r i c  T r a i l 1  - Avionics Systems Design 
John A. VanderMeer - S t ruc tu ra l  /Mechanical Design 
ii 
1 . 0 
2.0 
3.0 
3.1 
3.2 
3.3 
3.4 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 
5.2 
6.0 
6.1 
6.2 
6.3 
6.4 
6.5 
7.0 
7.1 
7.2 
8.0 
CCNTENTS ........................................................................ 
Page 
G-1 
L-1 
1-1 
2-1 
GL0SSAR.Y . . . . . . . . . . . . . . . . . . . . . . . . .  
LEGEND . . . . . . . . . . . . . . . . . . . . . . . . . .  
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPACE STP.TICEJ UNIQUE RECUIREMENTS . . . . . . . . . . . .  
Space Sta t ion  Descr ip t ion . . . . . . . . . . . . . . . .  
General Design Requirements . . . . . . . . . . . . . . .  
F l u i d  Requi rements . . . . . . . . . . . . . . . . . . . .  
In ter faces  . . . . . . . . . . . . . . . . . . . . . . . .  
OSCRS OPTIONS FOR SPACE STATION 
Options . . . . . . . . . . . . . . . . . . . . . . . . .  
Basic CSCRS . . . . . . . . . . . . . . . . . . . . . . .  
M i  nimum Modi f i ed OSCRS . . . . . . . . . . . . . . . . . .  
Modular OSCRS . . . . . . . . . . . . . . . . . . . . . .  
S imp l i f i ca t i ons  f o r  Water . . . . . . . . . . . . . . . .  
Comparison o f  Options aand Recommendations . . . . . . . .  
Operations a t  Space S ta t i on  . . . . . . . . . . . . . . .  
Meteoroid and Space Debris Pro tec t ion  
In te r face  Issues . . . . . . . . . . . . . . . . . . . . .  
INTERFACES/OPERATIONS WITH CMV . . . . . . . . . . . . . .  
O W  In te r faces  . . . . . . . . . . . . . . . . . . . . . .  
CMV @perat ions . . . . . . . . . . . . . . . . . . . . . .  
AUTOMATIC REFUELING . . . . . . . . . . . . . . . . . . .  
Requirements . . . . . . . . . . . . . . . . . . . . . . .  
Descr ip t ion o f  E x i s t i n g  Mechanisms . . . . . . . . . . . .  
Recommended Changes t o  E x i s t i n g  AUVs . . . . . . . . . . .  
Combined Docking/Refueling Automatic Umbi l ica l  . . . . . .  
AUM Impacts t o  OSCRS . . . . . . . . . . . . . . . . . . .  
ELV LAUNCH OF OSCRS . . . . . . . . . . . . . . . . . . .  
Candidate Launch Vehicles. In ter faces.  and Capab i l i t i es  . 
Potent ia l  Impacts t o  OSCRS . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  
. . . . . . . . . .  
3-1 
3-1 
3-6 
3-9 
3-12 
4-1 
4-1 
4-2 
4-3 
4-8 
4-15 
4-17 
4-19 
4-30 
4-37 
5-1 
5-1 
5 -a 
6-1 
6-2 
6-13 
6-22 
6-25 
6-28 
7-1 
7-1 
7-3 
8-1 CONCLUSIONS AND RECOMMENDATIONS . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  R-1 REFERENCES 
APPENDIX A . ADDENDA TO OSCRS END ITEM SPECIFICATIONS . . 
APPENDIX B . PROGRAM PLAN . . . . . . . . . . . . . . . .  
APPENDIX C . COST ESTIMATES . . . . . . . . . . . . . . .  
A-1 
B-1 
c-1 
iii 
Figure ........................................................................ 
2.0-1 CCSRS-to-NSTS Prel  i m i  nary In te r faces  . . . . . . . . . . .  
2.0-3 Basic OSCRS-to-Space-Station In te r face  . . . . . . . . . .  
2.0-4 Station-Based CSCRS Avionics Block Diagram . . . . . . . .  
2 . 0.5 St ruc tu ra l  Changes.. Wodul a r  OSCRS . . . . . . . . . . . . .  
2.0-6 OSCRS Water Version F l u i d  System Schematic . . . . . . . .  
2.0-7 Water OSCRS-to-Space-Station In ter faces . . . . . . . . .  
Service F a c i l i t y  . . . . . . . . . . . . . . . . . . . . .  
2.0-9 OSCRS-to-CMV Avionics In te r face  . . . . . . . . . . . . .  
2.0-1 0 OSCRS. T i  tan Pay1 oad Envelope 
3.1-1 Space S ta t i on  Program @pt ion/Conf igurat ion . . . . . . . .  
3.1.1-1 Serv ic ing  F a c i l i t y  . . . . . . . . . . . . . . . . . . .  
3.1.1 -2 Storage Track Assembly Layout . . . . . . . . . . . . .  
3.1.2-1 Mobile Serv ic ing  Centre (MSC) . . . . . . . . . . . . .  
2.0-2 OSCRS-to-Servicing Fac i l i t y /Pay load Pre l iminary In te r faces  
2.0-8 Meteoroid Pro tec t ion  a t  the Space S ta t i on  Customer 
. . . . . . . . . . . . . .  
3.1 . 3.1 Unpressuri zed L o g i s t i c s  Car r ie rs  (ULC 1 . . . . . . . . .  
3.3-1 Space S ta t i on  On-Board Water.. No OSCRS Resupply . . 
3.3-2 Space S ta t i on  On-Board Water w t i h  OSCRS Resupply . . . .  
3.4-2 OSCRS-to-Servicing-Facil i ty/Pal  oad Prel  irninary In te r faces  
3.4-1 OSCRS Locations a t  Space S ta t i on  . . . . . . . . . . . .  
3.4-3 OSCRS-to-NSTS Prel  iminary In te r faces  . . . . . . . . . .  
3.4.5-1 Basic OSCRS-to-Space-Station In te r face  . . . . . . . . .  
4.2-1 Basic OSCRS Conf igurat ion . . . . . . . . . . . . . . .  
4.2-2 F l u i d  Subsystem Schematic . . . . . . . . . . . . . . .  
4.3.1 -1 Minimum Modi f ied OSCPS/Space S ta t i on  F l u i d  In te r faces  . 
4.3.1 -2 Minimum Modi f ied Monopropellant OSCRS F l u i d  Schematic . 
4.4.1 -1 Station-Based Monopropellant OSCRS F l u i d  In ter faces . . 
4.4.1-2 Modular OSCRS Monopropellant F l u i d  System Schematic . . 
4.4.3-2 St ruc tura l  Changes f o r  Modular CSCRS . . . . . . . . . .  
4.4.4-2 OSCRS-to-Space-Station In te r face  w i t h  Avionics 
4.5-1 OSCRS k'ater Version F l u i d  System Schematic . . . . . . .  
4.7.1 -1 Rockwell In te rna t iona l  Remote.. Connection Mechanism . . 
4.7.2.2-1 Penalty f o r  Returning Par t l y -Fu l l  OSCRS . . . . . .  
4.7.2.2-4 
4.7.2.2-5 
4.7.2.2-6 
4.7.2.2-7 Space S ta t i on  Based.. OSCRS Of f loading Tankers . . .  
4.8.1-1 Space Debri s/Meteoroi d Analysi s . . . . . . . . . . . .  
4.8.2-1 Probabi 1 i ty  Depends on Analysi s . . . . . . . . . . . .  
4.8.3-1 Impact Process . . . . . . . . . . . . . . . . . . . . .  
4.8.3-2 Meteoroid/Debris Pro tec t ion  a t  Space S ta t i on  . . . . . .  
4.8.3-3 Meteoroid Pro tec t ion  a t  the Space Sta t ion  Customer 
Service F a c i l i t y  . . . . . . . . . . . . . . . . . . . .  
4.4.3-1 St ruc tura l  Changes.. Modular OSCRS . . . . . . . . . . .  
4.4.4-1 S ta t i on  Basing o f  Avionics Options Considered . . . . .  
Sta t i on  Based and Using Space S ta t i on  EDPs . . . . . . .  
4.5-2 Water OSCRS-to-Space-Station In te r faces  . . . . . . . .  
4.7.1 -2 Uni versa1 Service Tool . . . . . . . . . . . . . . . . .  
4.7.2.2-2 OSCRS In terconnect ion Option 1 . . . . . . . . . .  
4.7.2.2-3 OSCRS In terconnect ion Option 2 . . . . . . . . . .  
Space S ta t i on  Based.. OSCRS Master/Slave Conf igurat ion 
Space S ta t i on  Based.. OSCRS Simul taneous Conf igurat ion 
Space S ta t i on  Based.. OSCRS Independent Conf igurat ion 
i v  
2-2 
2 -2 
2-3 
2-4 
2-5  
2-6 
2-8 
2-9 
2-10 
2-12 
3-2 
3-3 
3-4 
3-6 
3-7 
3-1 2 
3-13 
3-13 
3-1 4 
3-15 
3-19 
4-2 
4-3 
4-5 
4-5 
4 -9 
4-0 
4-11 
4-12 
4-13 
4-14 
4-16 
4-17 
4-21 
4-22 
4-24 
4-25 
4-26 
4-27 
4-28 
4-29 
4-30 
4-31 
4-33 
4-35 
4-34 
4-36 
5.1-1 OMV Configurat ion (TRW Drawing) . . . . . . . . . . . . . 
5.1.2-1 OMV S t r u c t u r a l  /Mechanical I n t e r f a c e s  Payl oad 
Accommodations Equ ipmen t  ( P A E )  . . . . . . . . . . . . . 
5.1.2-2 OW--Payload Accommodations Equipment  ( P A E )  . . . . . . 
5.2.1-1 OMV RCS Schematics . . . . . . . . . . . . . . . . . . . 
5.2.1-2 OMV RCS Layout . . . . . . . . . . . . . . . . . . . . . 
5.2.2.1-1 Basic OSCRS-OMV I n t e r f a c e  . . . . . . . . . . . . . 
5.2.2.1 -2 Modular OSCRS-CMV I n t e r f a c e  . . . . . . . . . . . . 
5.2.2.2-1 OSC RS- t o  - OMV Av i o n i  c s I n t e  r f ac e s . . . . . . . . . 
6.2.1 -1 Automated Umbilical Connector (AUC) . . . . . . . . . . 
6.2.1-2 b o g  Model 50E559 Automatic Umbilical Connector . . . . 
6.2.1 -3 Engagement Sequence . . . . . . . . . . . . . . . . . . 
6.2.2-1 Robotic Umbil i c a l  Mechanism . . . . . . . . . . . . . . 
6.2.2-2 Robotic Umbil i c a l  Mechanism Photograph . . . . . . . . . 
6.2.3-1 Fai rchi 1 d Hydrazine Coup1 i ng . . . . . . . . . . . . . . 
6.2.3-2 Moog Rotary Shut-Off (RSO) Disconnect . . . . . . . . . 
6.3-2 Fluid Emergency Separat ion . . . . . . . . . . . . . . . . 
6.4.1-1 OMV--Payload Accommodations Equipment ( P A E )  . . . . . . 
6.4.1-2 TRW A l t e r n a t e  Berthing Mechanism on OMV . . . . . . . . 
5-2 
5-3 
5-5 
5 -6 
5-7 
5 -8 
5 -9 
5-1 C 
6-1 5 
6-1 6 
6-1 7 
6-1 8 
6-1 9 
6-21 
6-22 
6-24 
6-25 
6-27 
7.2-1 Ti tan  Payload Envelope and Supporting Avionics . . . . . . 7 -4 
7.2-2 OSCRS--Ti t a n  Payl oad Envelope . . . . . . . . . . . . . . 7 -6 
2.0-1 OSCRS Monopropellant Configurat ion Cptions Weight Summary 2-6 
3.2-1 Reference Cocuments Used i n  Study . . . . . . . . . . . . 3-8 
3.2-2 Space S t a t i o n  Unique Design Requirements Affec t ing  OSCRS . 3-8 
3.2-3 Space S t a t i o n  Redundancy Requirements . . . . . . . . . . 3-9 
3.3-1 Serv ic ing  F a c i l i t y  F lu id  Requirements . . . . . . . . . . 3-1 C! 
3.3-2 OMV P r o p e l l a n t  Requirements f o r  S t a t i o n  Serv ic ing  Missions 3-1 0 
3.3-3 Space S t a t i o n  Water Users . . . . . . . . . . . . . . . . 3-1 1 
3.3-4 Typical Space S t a t i o n  90-Day Water Balance . . . . . . . . 3-1 1 
4.1-1 CSCRS Configurat ion Options . . . . . . . . . . . . . . . 
4.2-1 Basic CSCRS Mass P r o p e r t i e s  . . . . . . . . . . . . . . . 
4.3.2-1 Thermal Control Impacts of  Space S t a t i o n  Operat ions . . 
4.3.3-1 Mechanisms and Accessories  Removed from the Basic OSCRS 
f o r  Use a t  S t a t i o n  . . . . . . . . . . . . . . . . . . . 
4.4.4-1 Avionics I n t e r f a c e  Wire Count f o r  Various OSCRS Options 
4.6-1 OSCRS Monopropellant Configurat ion Options Weight Summary 
4.7.1 -1 Shut t le - to-Sta t ion  Transfer  I n t e r f a c e s  . . . . . . . . . 
4.8.1 -1 Meteoroid and Space Debris P r o t e c t i o n  . . . . . . . . . 
4-1 
4-4 
4-7 
4-7 
4-1 5 
4-1 8 
4-20 
4-32 
6.1.1 -1 General Requirements f o r  an OSCRS Automated Umbilical 
Mechanism . . . . . . . . . . . . . . . . . . . . . . . 6-3 
6.1.3-1 Requirements f o r  OSCRS AUM a t  the Space S t a t i o n  . . . . 6-1 1 
6.2-1 Automated Umbilical Mechanisms . . . . . . . . . . . . . 6-1 4 
6.1.2-1 Requirements f o r  OSCRS AUP on the STS C r b i t e r  . . . . . 6-1 0 
6.1.5-1 OMV Payload Accommodations Equ ipmen t  . . . . . . . . . . 6-1 2a 
V 
6.2.3-1 Connector Requirements . . . . . . . . . . . . . . . . .  
6.3-1 Requirements Hot S a t i s f i e d  by E x i s t i n g  AUMs . . . . . . .  
6.4.1-1 OMV A l t e r n a t e  Berth ing Mechanism Requirements . . . . .  
6.4.1 -2 Docking Vechanism C a p a b i l i t i e s  . . . . . . . . . . . . .  
7.1-1 Candidate Launch Vehic le  C a p a b i l i t i e s  . . . . . . . . . .  
6-20 
6-23 
6-27 
6-29 
7-1 
a v i  
AC D 
AFD 
AUC 
AUP 
CDU 
CT 
ECLSS 
EDP 
ELV 
EVA 
FSS 
FTS 
GSE 
I cc 
I V A  
MD B 
FIDM 
ML I 
MSC 
FlwS 
NSTS 
OFS 
or 1v 
ORU 
OSCRS 
PAE 
PCP.D 
PDU 
PHF 
PLC 
RGDM 
R I U  
RMS 
RUM 
SBE 
SBM 
SFM 
SP DF! 
SED 
SRV 
STA 
Arch i tec tu ra l  Control Document 
A f t  F l i g h t  Ceck 
Automated Umbi l ical  Connector 
Automatic Umbi l ical  Mechanism 
Common Dr ive  U n i t  
Commercial T i  tan  
Environmental Control and L i  f e  Support System 
Embedded Data Processor 
Expendable Launch Vehicle 
Ext ravehicu lar  A c t i v i t y  
F1 i ght Support System 
F1 i g h t  Telerobot ic  Services 
Ground Support Equipment 
I n i t i a l  Operating Capabil i t y  
In t raveh icu la r  A c t i v i t y  
Mu1 ti p l  exed Data Bus 
Mu1 ti p l  exer/Demul ti p l  exer 
Mu1 ti 1 ayer Insul  a t i  on 
Mobile Serv ic ing Center 
Mobile Work S ta t i on  
National Space Transpor tat ion System 
Operational F l  i g h t  Software 
O r b i t a l  Naneuveri ng Vehicle 
O r b i t a l  Rep1 aceabl e Uni t 
O r b i t a l  Spacecraft Consunabl es Resupply System 
Payload Attachment Equipment 
Program Design Requirements Document 
Power D i s t r i b u t i o n  U n i t  
Pay1 oad Hol d i  ng F i x t u r e  
Pressurized Log is t i cs  Car r i e r  
RMS Grapple Docking Mechani sm 
Remote In te r face  U n i t  
Remote Manipulator System 
Robotic Umbi l ica l  Mechanism 
Service gay Enclosure 
Service Bay Manipulator 
Service F a c i l i t y  Manipulator 
Special Purpose Dextrous Manipulator 
System Requirements Document 
Short Range Vehic le 
Service Track Assembly 
G-1 
TCRSS Tracking and Data Relay S a t e l l i t e  
TPDM Three Po in t  Docking Mechanism 
ULC Unpressurited Log is t i cs  Car r i e r  
UPA Uni versa1 Pay1 oad Adapter 
6-2 
w 
U > 
W 
v) 
2 
2 
o t- 
I- > 
I= 
a 
0 
0 3 %  
L 
0 
w 
Y 
8 
8 x 
u, 
4 
8 
d 
$ I 
L- 1 
. .  
1 .O IN'~F?ODUCTION 
t l a r t i n  Mar ie t ta  completed a Phase B study o f  tt le O r b i t a l  Spacecraft 
Consumable Resupply System (CSCRS) i n  November 1986. 
included d e f i n i t i o n  o f  requirements, conceptual and pre l iminary design 
o f  a monopropellant system, conceptual design o f  a b i p r o p e l l a n t  system, 
a commonality study, end i tem spec i f i ca t i ons ,  development plans, and 
c o s t  estimates. 
w i t h  the S h u t t l e  using manual re fue l i ng .  This r e p o r t  documents work of 
the con t rac t  extension which emphasized the operat ion o f  the 
monopropellant system a t  the Space S ta t i on  and on the O r b i t a l  
Maneuvering Vehicle (OW) using automatic r e f u e l i n g  and poss ib le  launch 
on an Expendable Launch Vehicle (ELV). The ob jec t i ve  o f  t h i s  con t rac t  
extension study i s  t o  def ine any impacts t o  the OSCRS design def ined i n  
the Phase B study as a r e s u l t  o f  t h i s  work. 
The f o l l o w i n g  groundrules and assumptions were establ ished f o r  the 
study. 
That study 
The primary t h r u s t  o f  t h a t  study was f o r  operat ion 
1. OSCRS w i l l  n o t  supply gas t o  Space Stat ion.  
2. Automatic mechanisms s h a l l  have an ove r r i de  t h a t  can be operated by 
ex t raveh icu la r  a c t i v i t y  (EVA) o r  by a robot. 
3. F l u i d  resupply sha l l  no t  requ i re  the use o f  robots.  However, 
noth ing w i l l  preclude the use o f  r o b o t i c s  f o r  use w i t h  OSCRS. 
4. A l l  OSCRS configured f o r  Space S ta t i on  use s h a l l  on l y  provide 
safety monitors t o  the tJSTS. 
5. Space S ta t i on  equipment w i l l  t r anspor t  OSCRS between the Nat ional  
Space Transportat ion System (NSTS) and the Space S ta t i on  serv ice 
fac i  1 i ty . 
6. Space S ta t i on  does n o t  permit  vent ing of l i q u i d s .  
7. Gas vent ing i s  permi t ted  only a t  14-day i n t e r v a l s  a t  Space Stat ion.  
Our approach t o  the study was t o  def ine the requirements f o r  use o f  the 
OSCRS on the Space S ta t i on  and OMV, de f i ne  the minimum mod i f i ca t i ons  
requi red t o  the OSCRS t o  meet the requirements, and then consider o ther  
changes t h a t  could improve the e f f i c i e n c y  o f  the OSCRS i n  these 
appl icat ions.  
be accommodated by proper modular izat ion o f  the OSCRS so t h a t  i t  could 
s t i l l  be used f o r  the many other  app l i ca t i ons  f o r  spacecraf t  
re fue l i ng .  I n  
addi t ion,  we s p e c i f i c a l l y  defined p o t e n t i a l  simp1 i f i c a t i o n s  t o  the 
OSCRS i f  i t  were used t o  supply water, def ine the impacts o f  launching 
on an ELV; and provided more depth i n  automatic re fue l i ng .  
approach t o  automatic r e f u e l i n g  was f i r s t  t o  def ine requirements f o r  an 
automatic umb i l i ca l  and combined automatic umbi l ica l /dock ing mechanism, 
t o  study e x i s t i n g  prototype mechanisms t o  determine t h e i r  s u i t a b i l i t y  
t o  OSCRS, and t o  make recommendations f o r  f u t u r e  work. 
The changes were p r i m a r i l y  l i m i t e d  t o  those t h a t  could 
We then assessed the impacts on the OSCRS program. 
Our 
1-1 
A key ob jec t i ve  o f  t h i s  study was t o  i nves t i ga te  the use o f  OSCRS a t  
the Space Stat ion,  i t s  use w i t h  the O W ,  and launch o f  the OSCRS on an 
expendable launch vehic le.  A system requirements evaluat ion was 
performed i n i t i a l l y  t o  i d e n t i f y  any unique requirements t h a t  would 
impact the design o f  OSCRS when used a t  the Space Stat ion.  
S ta t i on  documents were reviewed t o  establ  i s h  requirements and t o  
i d e n t i f y  i n te r faces  between the OSCRS, Shut t le ,  and Space Stat ion,  
espec ia l l y  the Serv ic ing F a c i l i t y .  The in te r faces  between OSCRS and 
the Shutt le,  shown i n  Figure 2.0-1, cons i s t  o f  an av ion ics in te r face  
fo r  comnand and cont ro l  and a s t r u c t u r a l  i n t e r f a c e  f o r  launch support 
and f o r  grappl ing w i t h  the Shut t le  Remote Kanipulator  System. 
Interfaces between CSCRS and the Space Sta%ion Serv ic ing F a c i l  i t y  are 
summarized i n  F igure 2.0-2. 
OSCRS and the S ta t i on  f o r  waste gas disposal and f o r  n i t rogen supply. 
The lone l i q u i d  i n te r face  would be between the OSCRS and the payload. 
S t ruc tura l  in ter faces between the OSCRS and the S ta t i on  can use many 
d i f f e r e n t  types o f  mechanisms. A s t r u c t u r a l  i n te r face  between the 
OSCRS and the Serv ic ing F a c i l i t y  i s  requi red f o r  ber th ing  and f o r  
t ranspor t ing.  Avionics i n te r faces  w i l l  be requi red t o  a l low OSCRS t o  
be powered, monitored, and con t ro l l ed  by the Stat ion.  I n t e r f a c i n g  the 
basic OSCRS av ion ics subsystem t o  the Space S ta t i on  should be a simple 
task because the Space S ta t i on  w i l l  p rov ide command and data and power 
i n te r faces  t h a t  are two- fau l t  t o l e r a n t  and t h a t  exceed OSCRS 
requirements. 
computer cont ro l  led;  therefore,  the Shut t le  hardwi r e  switched funct ions 
w i l l  be accommodated by the Ma jo r i t y  Vote Un i t s  (MVU) t o  a l low m a j o r i t y  
vo t i ng  o f  the computer-control l e d  Space S ta t i on  commands. Figure 2.0-3 
shows the comnand, data, and power i n te r faces  t o  the Space Stat ion.  
Space 
F l u i d  i n te r faces  are requ i red  between the 
The Space Sta t ion  comnand and data i n te r faces  are a l l  
For use o f  the OSCRS a t  the Space Stat ion,  three conf igura t ions  were 
evaluated us ing the r e s u l t s  o f  the i n t e r f a c e  d e f i n i t i o n  t o  increase the 
e f f i c i e n c y  o f  OSCRS and t o  decrease the launch weight by Stat ion-basing 
speci f ic  OSCRS subsystems. The basic OSCRS, designed f o r  use i n  the 
Shut t le ,  does n o t  sa t i s f y  Space Sta t ion  requirements w i thout  changes. 
A minimum modif ied OSCRS, essen t ia l l y  the basic vers ion w i t h  the 
minimal design changes necessary t o  be compatible w i t h  the Stat ion,  was 
conf igured so t h a t  the pressurant tanks were removed and connections 
were added t o  receive n i t rogen from the Sta t ion  and t o  vent  waste gas. 
A modular OSCRS was developed i n  which the major subsystems were 
Station-based where possible.  
the pressur iza t ion  system and the c a t a l y t i c  vent system hardware 
removed and l e f t  on the Stat ion.  From the  av ion ics standpoint, the 
minimum modi f ied and the modular OSCRS could be g rea t l y  s i m p l i f i e d  by 
basing the m a j o r i t y  o f  the OSCRS av ion ics  on Space Stat ion.  I n  order  
t o  Station-base the avionics,  two changes were i d e n t i f i e d  t o  a l low 
moni tor ing o f  the OSCRS dur ing  NSTS t ranspor t :  
mu1 t i p l e x e r  u n i t  t o  reduce the data i n t e r f a c e  t o  NSTS and spl  i t t i n g  o f  
the Power D i s t r i b u t i o n  U n i t  (PCU) so t h a t  power swi tch ing t o  the  
The f l u i d  subsystem was modularized w i t h  
add i t i on  o f  a 
2 -1 
I MSC OR SFM 1 
8 AVIONICS M 
GRAPPLE Fg (COMMAND. 
:$ STATUS r-rl-1 
NSTS OSCRS 
WASTE GAS UMBILICAL 
UMBILICAL (HYDRAZINE) 
MONITORING. MONITORING. 
N2SUPPLY 
UMBlLlCAL 
Figure 2 .O-I OSCRS-to-NSTS Preliminary Intetfaces 
MSC OR SFM 
STRUCTURAL 
POSITIONING 
(STRUCT. SUPWR 
N2 SUPPLY FROM SS 
INTEGRATED N2 SYSTEM 
Figure 2 .O-2 OSCRS-to-Servicing FacilitylPayload Preliminary Interfaces 
2-2 
a) Command and Data 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 15538 
MOBILE SERVICING, 10 
SERVICE FACILITY , M: I 
CENTER 
MANIPULATOR I 
I 
I 
I 
I & I  - I Dc 
I ----+SENSORS 
28 Voc 
28 VDC 
CONVERTER 28 VDC 
’ 
I 
I 
I 
I 
I b) Power 
Figure 2 .O-3 Basic OSCRS-to-Space-Station Intelface 
2-3 
mu1 t i p l e x e r ,  sensors, and heaters can be con t ro l l ed  by NSTS. 
power swi tch ing funct ions would be i n  a separate PDU t h a t  would be 
s t a t i o n  based. 
av ion ics w i t h  s t a t i o n  basing. The OSCRS computers have a l l  been 
el iminated, and t h e i r  funct ions are accomplished by the Space S ta t i on  
Embedded D a t a  Processors (EDP 1. 
A1 1 o ther  
F igure 2.0-4 shows a block diagram o f  the OSCRS 
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Figure 2.04 Station-Based OSCRS Avionics Block Diagram 
The above changes al lowed a s i m p l i f i e d  s t r u c t u r a l  con f igura t ion ,  shown 
i n  F igure 2.0-5, r e s u l t i n g  i n  a s i g n i f i c a n t  up/down weight savings. 
The weights f o r  the three OSCRS con f igu ra t i on  opt ions are presented i n  
Table 2.0-1 by subsystem. As shown, a s i g n i f i c a n t  increase i n  mass 
f r a c t i o n  can be achieved w i t h  the modular OSCRS compared t o  the basic 
OSCRS. With proper design, the modular OSCRS could be conf igured t o  
permi t  assembly o f  the subsystems on a strongback s t ruc tu re  t o  a l l ow  
OSCRS t o  be used f o r  r e f u e l i n g  on the Shut t le  and i n - s i t u  on the OMV. 
Because o f  t h i s  f l e x i b i l i t y  and the savings achieved i n  launch weight, 
the modular OSCRS con f igu ra t i on  was recommended. 
Another program ob jec t i ve  was t o  de f ine  the con f igu ra t i on  o f  an OSCRS 
f o r  t ranspor t  o f  water t o  the Space Stat ion.  Analysis o f  the S ta t i on  
water requirements f o r  propul sion, 1 aboratory , and 1 i f e  support 
i d e n t i f i e d  an annual d e f i c i t  o f  approximately 5000 l b .  It was 
determined t h a t  the basic monopropellant OSCPS could be g r e a t l y  
s i m p l i f i e d  by us ing an augmented blowdown system f o r  t rans fe r  o f  the 
water, as shown i n  Figure 2.0-6. The r e s u l t i n g  s i m p l i f i c a t i o n  i n  the 
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Table 2 .O-I OSCRS Monopropellant Configuration Options Weizht 
BASIC OSCRS MINIMUM M00:FIED OSCRS 
(3 TANK VERSION) (3 TANK VERSION) 
FLU IDS 
PRESSURZATlON 804 648 
*VENT 
PROPELLANT 
STORAGE 
93 93 THERMAL 
504 504 muss STRUCTURE 
213 1 92 MECHANISMS 
31 4 314 AVIONICS 
0.60 0.63 MASS FRACTION 
I n I 
Summary 
MODULAR OSCRS 
(3 TANK VERSION) 
84 
6 
505 
81 
237 
20 
25 
0.76 
I PRESSURANT GROUND A U R A I N  
I *I 
OKORBIT 
DISCONNECTS 
I A A  
Figure 2.0-6 OSCRS Water Version Fluid System Schematic 
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plumbing allowed the av ion ics t o  be s i m i l a r l y  reduced. 
5000-lb y e a r l y  d e f i c i t ,  a water OSCRS conf igured w i t h  f i v e  tanks 
i d e n t i c a l  t o  the monopropel 1 ant  OSCRS woul d be required. 
capac i t i es  could be used i f  the water OSCRS could be launched more 
f requent ly .  
GSCRS avionics i n  t h a t  i t  i s  on ly  two- fau l t  t o l e r a n t  f o r  heater 
operations t o  prevent freezing. This al lows the system t o  be reduced 
t o  one MVU, PDUl,  PDUE, and the mu l t i p lexe r  u n i t .  Figure 2.0-7 shows 
the command and data and power i n te r faces  f o r  the water OSCRS. Because 
the water OSCRS i s  used only  f o r  Space Stat ion,  the av ion ics i s  s t a t i o n  
based and uses the Space S ta t i on  EDPs for processing. 
To s a t i s f y  the 
Small e r  
The water OSCRS av ion ics i s  a s i m p l i f i c a t i o n  o f  the basic 
Systems trade studies were performed t o  examine operations o f  the OSCRS 
a t  Space Stat ion,  i nc lud ing  t r a n s f e r  o f  the OSCRS t o  the Stat ion,  
moving o f  the OSCRS t o  the r e f u e l i n g  l o c a t i o n  versus the i n s t a l l a t i o n  
o f  p rope l l an t  d i s t r i b u t i o n  l i n e s  on the Space Stat ion,  and the use o f  
m u l t i p l e  OSCRSs. Transferr ing GSCRS from the Shu t t l e  bay t o  the 
S ta t i on  requi res several umb i l i ca l  mating/demating procedures. Unless 
the umb i l i ca l  mechanisms and connectors are standardized, i n te r faces  on 
the OSCRS w i l l  be complex. Transport ing 0SCP.S v i a  the Service Bay 
Manipul a t o r  and/or the Mobi 1 e Serv ic ing Center w i  11 requi  r e  
two-faul t - t o l e r a n t  data and 28-Vdc power. Using OSCRS f o r  f l u i d  
resupply wh i l e  attached t o  the Service Bay Manipulator o r  Mobile 
Serv ic ing Center w i l l  r equ i re  two-faul t - t o l e r a n t  command and data and 
28-Vdc power. 
conceptual designs o f  the Service Bay Kanipulator and Mobile Serv ic ing 
Center. 
. 
These requirements are n o t  present ly  p a r t  o f  the 
I f  r e f u e l i n g  i s  desired i n  a S ta t i on  l o c a t i o n  other  than the Serv ic ing 
F a c i l i t y ,  the OSCRS should be transported t o  t h a t  l o c a t i o n  r a t h e r  than 
leav ing i t  i n  a f i x e d  l o c a t i o n  and running d i s t r i b u t i o n  l i n e s  out  t o  
the a l t e r n a t e  r e f u e l i n g  s i t e .  Maintenance, assembly, and heater power 
o f  external  d i s t r i b u t i o n  l i n e s  would not  be cos t  e f f e c t i v e .  
Use o f  m u l t i p l e  OSCRSs would be des i rab le t o  a l l ow  l a r g e r  q u a n t i t i e s  o f  
propel lants  t o  be stowed on -o rb i t  and t o  a l l ow  an OSCRS t o  be of f loaded 
i n t o  another t o  ensure t h a t  i t  was returned t o  the ground empty. The 
in terconnect ion of two o r  more OSCRS, f rom the f l u i d  subsystem design 
viewpoint, requires no design changes provided t h a t  the S ta t i on  supply 
some add i t i ona l  plumbing w i t h  compatible connectors on each end. To 
avoid f u r t h e r  compl icat ing the av ion ics when us ing m u l t i p l e  OSCRS, the 
recomnended method i s  t o  operate each OSCRS independently. This w i l l  
avoid adding more input /output  channel i n te r faces  and software changes 
t h a t  wouid be required i f  the tankers would be interconnected i n  some 
fashion. 
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Another Space S ta t i on  design impact on the OSCRS i s  the requirement t o  
provide meteoroid and space debr is  p ro tec t i on  t o  prevent catast rophic  
f a i l u r e  o f  the 0SCP.S tankage. 
shown i n  Figure 2.0-8 would cons is t  o f  an aluminum panel, 0.03-0.075 
inches th i ck .  
f l i g h t  and would be l e f t  on the Stat ion.  The amount o f  p r o t e c t i o n  was 
reduced by o r i e n t i n g  OSCRS such t h a t  i t s  pro jected surface a r e a  fac ing  
the d i r e c t i o n  o f  f l i g h t  was minimized. 
The debr is  p ro tec t i on  con f igu ra t i on ,  
The panels would be located toward the d i r e c t i o n  o f  
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Figure 2 .O-8 Meteoroid Protection at the Space Station Customer Service Facility 
Operations o f  the OSCRS w i t h  the OMV were studied t o  determine 
in ter faces and any design changes required by OSCRS. 
hydrazine and co ld  gas n i t rogen  propul s ion systems can be accommodated 
by the OSCRS w i t h  no design changes. 
hydrazine coupl i ng and f o u r  separate n i t rogen coupl i ngs, requi  r i n g  a t  
l e a s t  f ou r  connector mating/demating sequences. Add i t i ona l l y ,  the 
connectors are no t  e a s i l y  accessible as c u r r e n t l y  designed. 
simp1 i f y  OSCF!S/CMV r e f u e l i n g  in ter faces,  i t  was recommended t h a t  the 
OMV co ld  gas propuls ion system be manifolded t o  a l low recharging o f  the 
pressurant tanks w i t h  a s i n g l e  connector and t h a t  the hydrazine, 
ni t rogen, and e l e c t r i c a l  connectors be phys i ca l l y  located together t o  
a l l ow  a s ing le  umb i l i ca l  mechanism t o  perform the mate/demate 
Refuel ing the OPV 
However, the basel ine OMV has one 
To 
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operation. S t r u c t u r a l l y ,  the OSCPS can accommodate attachment t o  the 
CMV w i t h  minor design changes us ing e i t h e r  a c i r c u l a r  bo l ted  i n te r face  
o r  the OMV Remote Manipulator System (RMS) Grapple Docking Mechanism, 
which i n te r faces  w i t h  a standard grapple f i t t i n g  on the CSCRS. 
I n t e r f a c i n g  CSCRS t o  CMV presented the most problems f o r  the av ion ics 
subsystem. OMV does n o t  present ly  provide pay1 oads w i t h  
two- fau l t - t o le ran t  command, data, and power. I n  addi t ion,  OMV s e r i a l  
comnand/data i n te r faces  are no t  o f  a standard format such as RS422 o r  
15538. This requi res OSCRS t o  provide an OMV-dedicated s e t  o f  
in ter faces.  A l l  OW payloads must provide t h e i r  own Remote In ter face 
Un i t s  (RIU) a t  a purchase p r i c e  o f  $90-200K, depending on the setup 
charges involved. A l l  commands and telemetry must be accomplished i n  
rea l  t ime because the OMV documentation does no t  show comnand/data 
storage devices such as tape recorders. 
CSCRS-to-OMV in te r faces .  
Figure 2.0-9 shows the 
I I 
I 
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Figure 2 .O-9 OSCHS-to-OW Avionics Inte@ace 
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Another major e f f o r t  o f  t h i s  program was t o  def ine requirements f o r  an 
automatic umbi l ica l  mechanism (AUt l )  t o  be used w i t h  OSCRS t o  perform 
automatic re fue l i nu .  Automatic r e f u e l i n g  o f  hazardous f l u i d s  w i l l  be 
requi red on Space S ta t i on  and i n - s i t u  us ing the OMV/CSCPS combination. 
General requirements f o r  the AUM were def ined and tabulated based on a 
review o f  Space Stat ion,  Shut t le ,  and OMV requirements. Next, 
requirements f o r  the AUM design t h a t  would be unique t o  the Shut t le ,  
Space Stat ion,  and OMV were defined. 
requirements was the a b i l i t y  o f  the AUM t o  accommodate seven 
connectors; three e l e c t r i c a l ,  two gaseous and two propel lant .  Also, 
the AUM d r i v e  motors must be one- fau l t  t o l e r a n t  f o r  connector mating. 
For OMV and Shu t t l e  use, the AUM must a lso have a t w o - f a u l t - t o l e r a n t  
emergency s a t e l l i t e  j e t t i s o n  c a p a b i l i t y .  
contamination covers over the connectors on both halves o f  the AUM was 
a1 so defined. 
Among the more s i g n i f i c a n t  
A requirement t o  provide 
These requirements served as the basis f o r  an evaluat ion o f  e x i s t i n g  
prototype AUMs t o  determine the adequacy o f  t h e i r  designs. The Moo! 
Automated Umbi l ical  Connector (AUC) and the Mar t i n  K a r i e t t a  Robotic 
Umbi l ical  Mechanism (RUM) are both capable o f  automat ica l ly  mating 
connectors. Each can s a t i s f y  the general requirements developed f o r  
the AUM w i t h  modif icat ions.  
of the two mechanisms and included such th ings as the accommodations o f  
seven connectors. Changer t o  the OSCRS av ion ics subsystem t o  con t ro l  
an automatic umbi l ica l  would be minimal and would no t  r e s u l t  i n  
s i g n i f i c a n t  cost, weight, power, o r  s i ze  impacts. F i n a l l y ,  the 
f e a s i b i l i t y  of designing an AUM t o  perform both the docking and 
connector mating funct ions was examined. It was concluded t h a t  
designing such a mechanism would be possible and des i rab le s ince i t  
would s i m p l i f y  both operations and in te r faces .  
These modif icat ions were def ined f o r  each 
The l a s t  i tem examined was the changes t o  OSCRS t o  be launched on an 
Expendable Launch Vehicle. 
vehic les were reviewed. Only the T i t a n  I V  veh ic le  has a payload 
f a i r i n g  l a r g e  enough t o  accommodate a basic OSCRS (assuming the 
t runnion p ins and keel f i t t i n g s  are removed). 
launch v e h i c l e  would necessi tate a major redesign o f  the OSCRS 
st ructure.  The T i t a n  CT (Commercial T i t a n )  has the c a p a b i l i t y  t o  place 
the OSCRS i n  the same c i r c u l a r  o r b i t  as the Space S ta t i on  and s t a b i l i z e  
the OSCRS p r i o r  t o  release. The OSCRS could subsequently be r e t r i e v e d  
by the O W .  The impacts t o  the OSCRS s t ruc tu re  t o  f i t  w i t h i n  the T i t a n  
I V  and T i t a n  CT payload f a i r i n g s  i s  shown i n  Figure 2.0-70. 
S i g n i f i c a n t  redesign o f  the OSCRS s t ruc tu re  would be requi red t o  f i t  
w i t h i n  the T i t a n  CT envelope and would thus be a major impact. 
add i t i on  t o  the T i tan  vehic le,  the Del ta and A t las  vehic les were 
examined. 
accommodate OSCRS but, unless an upper stage i s  f lown, they have no 
a b i l i t y  t o  s t a b i l i z e  the OSCRS f o r  deployment o r  t o  c i r c u l a r i z e  the 
o r b i t .  Therefore, emphasis was placed on the T i t a n  I V  because o f  i t s  
l a r g e  payload f a i r i n g  and on the T i tan  CT because o f  i t s  a b i l i t y  t o  
provide a t t i t u d e  con t ro l  wi thout  an upper stage. The T i t a n  ELVs, 
The c a p a b i l i t i e s  and costs o f  candidate 
Use w i t h  any other  
I n  
The Del ta  and A t las  vehic les have the payload c a p a b i l i t y  t o  
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however, provide very l i m i t e d  command c a p a b i l i t y  and no s e r i a l  
telemetry channels t o  the payloads. The command c a p a b i l i t y  i s  
s u f f i c i e n t  t o  t u r n  on necessary heaters t o  avoid f reez ing  wh i l e  
awa i t ing  pickup by an OMV f o r  t ranspor t  t o  the Space Stat ion.  
rendezvous w i t h  OSCRS, f u l l  command and telemetry c a p a b i l i t i e s  would 
e x i s t ,  and OSCRS s ta tus  could be sent t o  Earth before reaching Space 
Stat ion.  
maintain the s t a b i l i t y  o f  OSCRS f o r  up t o  s i x  hours. 
based on OSCRS use o f  power f o r  necessary heaters on l y  and on i t s  use 
o f  the  standard complement o f  T i t a n  ba t te r i es .  
Once O W  
T i t a n  CT provides an a t t i t u d e  and con t ro l  systen! t h a t  can 
This est imate i s  
Figure 2.0-10 OSCRS--Titan Payload Envelope 
IV 
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3.0 SPACE STATION UNIQUE REQUIREMENTS 
The Space S t a t i o n  i s  be ing designed as a permanently manned f a c i l i t y  
capable o f  per forming var ious s c i e n t i f i c  i n v e s t i g a t i o n s  as we l l  as 
spacecraf t  maintenance and resupply.  The S t a t i o n  cons is t s  o f  bo th  
p ressur ized  and unpressur ized elements prov ided by bo th  t h e  Uni ted 
States and f o r e i g n  par tners.  The S t a t i o n  i s  be ing designed f o r  an 
o r b i t  ranging from 15@ nau t i ca l  m i l es  t o  270 nau t i ca l  m i l es  a t  an 
i n c l i n a t i o n  o f  28.5". 
t r u s s  assembly, which serves as the  s t r u c t u r a l  backbone o f  t he  
Sta t ion .  The major core elements are as fo l l ows :  
The pressur ized elements are at tached t o  the  
- U.S. Laboratory Module 
- H a b i t a t i o n  Module 
- Japanese Experiment Module 
- Columbus Module 
- U.S. P la t forms 
- Mobi le  Serv i c ing  Center 
- Serv i c ing  F a c i l i t y  
- Nodes and A i r l o c k s  
- L o g i s t i c s  Elements 
Two program opt ions  have been de f ined f o r  t he  S t a t i o n  i nvol  v i  ng a 
phased approach t o  assembly. 
phases. The f i r s t  phase, shown i n  F igure  3.1-1, cons i s t s  o f  on l y  the  
t ransverse boom o f  t he  t r u s s  assembly w i t h  the  f o u r  p ressur ized  modules 
at tached and a pho tovo l ta i c  power system a t  S t a t i o n  I n i t i a l  Operat ing 
C a p a b i l i t y  (IOC). The Serv i c ing  F a c i l i t y  and the  upper and lower  booms 
o f  the  t r u s s  assembly a re  de f ined as phase two and would be added 
l a t e r .  Program Opt ion Two inc ludes  a l l  o f  t he  elements l i s t e d  above as 
being i n  p lace  a t  S t a t i o n  I O C .  
Program Opt ion One cons is t s  o f  two 
I n  eva lua t i ng  the use o f  OSCRS a t  Space Sta t ion ,  the  con f igu ra t i ons  o f  
t he  S e r v i c i n  
these e l  ements. 
f o l l  owi ng paragraphs. 
F a c i l i t y ,  Mobi le  Se rv i c ing  Center, and L o g i s t i c s  Elements 
a re  especia l  7 y impor tan t  because OSCRS would d i r e c t l y  i n t e r f a c e  w i th  
Therefore , these are  d i  scussed separate ly  i n  the  
3.1.1 Serv i c ing  F a c i l i t y  
The Serv i c ing  F a c i l i t y  w i l l  be used f o r  t he  serv ic ing ,  assembly, and 
mai ntenance o f  a t tached pay1 oads, OMV , and f r e e - f l y e r s  , i nc l  ud i  ng 
s p e c i f i c  operat ions such as r e f u e l i n g  and r e p a i r  and replacement of 
components. The Serv i c ing  F a c i l i t y ,  shown i n  F igure  3.1.1-1, i s  an 
unpressur ized s t r u c t u r e  at tached t o  the  t ransverse boom adjacent  t o  the  
pressur ized  modules. The main elements o f  t he  Serv i c ing  F a c i l i t y  are: 
Serv ice Bay Enclosure (SBE) - Four te lescop ing  thermal and 
contami n a t i o n  b a r r i e r s .  
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Figure 3.1-1 Space Station Program OptionKonfiguration 
Service Track Assembly (STA) - Keel -mounted rail structure t h a t  
supports the moving enclosure sections, the service bay m a n i p u l a t o r ,  
and the universal payload adapter. 
i n  separate bays of the STA as shown i n  Figure 3.1.1-2. 
Equipment such as OSCRS i s  stored 
Service Bay K a n i p u l a t o r  (SBK) - Track-mounted remote manipulator able 
t o  t ranslate  around the servicing f ac i l i t y  and  reach payloads mounted 
on the STAY backside o f  the keel, and Orbiter payload bay. 
an EVA control station. 
I t  includes 
Mobile Work S t a t i o n  (MWS) - An SBM-mounted as t ronau t  work s t a t i o n  w i t h  
O r b i t a l  Replaceable U n i t  (ORU)/instrument car r ie r .  
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Payload Holding F i x t u r e  (PHF) - Passive t runnion adapter  a b l e  t o  
support a s a t e l l  1 t e  and OMV i’nside and outs ide the Serv ic ing F a c i l i t y .  
Universal  Pay1 oad Adapter (UPA) - A r t i c u l a t i n g  attachment device a b l e  
t o  mate w i th  grapple,  f l i g h t  support system (FSS), and t runnion 
f i t t i n g s .  
F l u i d  Serv ic ing Module - F l u i d  storage and t r a n s f e r  system basel ined a s  
tSCRS. 
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Payload Attachment Equipment (PPE) - Pep1 i c a t i o n  o f  payload attachment 
equipment on the Space S ta t i on  t o  accommodate payloads serviced i n  tile 
Servic ing F a c i l i t y .  
Command/Control/Monitoring Sta t i on  - Provides a cen t ra l  f a c i l i t y  f o r  
support o f  a l l  t V  A se rv i c ing  operations. 
I n t raveh icu la r  A c t i v i t y  ( I V A )  Work Bench - Provides a f a c i l i t y  t o  t e s t ,  
diagnose, and r e p a i r  equipment i n  a sh i r t s leeve  environment. 
The Serv ic ing F a c i l i t y  must s a t i s f y  several requirements. It must 
provide f o r  the physical  attachment and r e t e n t i o n  o f  the veh ic le  being 
serviced. 
convert  and d i s t r i b u t e  t h a t  power f o r  use throughout the f a c i l i t y .  
Both a c t i v e  and passive thermal cond i t i on ing  f o r  the f a c i l i t y  and users 
must be provided as wel l  as prov is ions f o r  data handl ing f o r  command, 
monitoring, measurement, and data processing through an i n t e r f a c e  w i t h  
the S ta t i on  data management system. The Serv ic ing F a c i l  i ty  must 
provide a contamination-free environment su i  t a b l e  f o r  use by 
observatory-cl ass pay1 oads and provide f a c i l  i t i e s  t o  permi t  easy EVA 
access t o  spacecraft f o r  se rv i c ing  operations. Ranipulat ion and 
handl ing devices f o r  removing and p o s i t i o n i n g  spacecraft must be 
provided f o r  handl ing w i t h i n  the Serv ic ing F a c i l i t y  and f o r  removal and 
replacement t o  o r  from the O r b i t e r  payload bay. The Serv ic ing F a c i l i t y  
must provide the capabi 1 i ty t o  resupply monopropel 1 an t  hydrazi ne and 
other  f l u i d s  and gases f o r  which OSCRS has been baselined. It must 
also provide the handling and t r a n s f e r  t o  and from the S ta t i on  o f  data 
f o r  con t ro l  and monitor ing o f  a l l  operations w i t h  the f a c i l i t y .  
I t  must a l so  receive power from the Space S t a t i o n  and 
3.1.2 Mobile Serv ic ino Center (FISC) 
The MSC i s  being provided by Canada t o  manipulate and p o s i t i o n  major 
S ta t i on  elements, assemblies, and u t i l i t i e s .  It i s  a lso needed t o  
support the i n t e g r a t i o n  o f  the major elements, such as the t russ  
assembly and modules, du r ing  S ta t i on  assembly. The MSC w i l l  t r ans fe r  
cargo from the Orb i te r  payload bay, t ranspor t  the cargo t o  the requi red 
p a r t  o f  the Stat ion,  support EVA operations, and provide f o r  
post-assembly inspection o f  the Station elements. The MSC is shown in 
Figure 3.1.2-1 and consis ts  o f  the Space S ta t i on  Remote Servicer (F?RS)  
base s t ruc tu re  and the Special Purpose Dextrous Manipulator (SPDFL). 
The MSC res ts  on the Mobile Transporter, which can t r a n s l a t e  along the 
t russ  assembly t o  provide m o b i l i t y .  
3.1.3 L o g i s t i c s  Elements 
The L o g i s t i c s  Elements cons is t  o f  the Unpressurized L o g i s t i c s  C a r r i e r  
(ULC) and the Pressurized L o g i s t i c s  Car r i e r  (PLC). 
from a S ta t i on  pressurized module and i s  used t o  t ranspor t  and r e t u r n  
equipment r e q u i r i n g  a pressur ized environment. 
equipment and f l u i d s  t o  the S ta t i on  t h a t  do not requ i re  a pressur ized 
The PLC i s  der ived 
The ULC t ranspor ts  
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Figure 3.1.2-1 Mobile Servicing Centre (MSC) 
environment and that are used external t o  the pressurized modules. 
Figure 3.1.3-1 presents the concept of the ULC capable of transporting 
both dry goods and f l u i d s .  The potential f o r  interfacing the OSCPS 
w i t h  the ULC was examined f o r  possible weight savings on the OSCRS. 
3.2 GENERAL D E S I G N  REOUIPEMENTS 
The Space Station program has generated a set  of uniaue system design 
requirements that reflect the philosophy associated w i t h  a long-life, 
permanently manned faci l i ty .  These requirements are general ly simil a r  
t o  those of the Space Shuttle, b u t ,  i n  some cases, they are more 
demanding. 
documents (SPD) , design cr i ter ia  documents, and architectural control 
documents (ACD)  containing a l l  related requirements for  each of the 
major subsystems. 
The Space S t a t i o n  program has developed system requirements 
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Figure 3.1.3-1 Unpressutjzed Logistics Cam'ers (ULC) 
Table 3.2-1 l i s t s  the documents reviewed. The Space S ta t i on  Program 
Design Requirements Document (PDRD) presents the requirements 
appl icable t o  the e n t i r e  Stat ion,  such as safety  c r i t e r i a  and design 
gui  del i nes f o r  f l  u i  d , e l e c t r i c a l  , and mechanical e l  ements. 
Requirements t h a t  are unique t o  Space S t a t i o n  and t h a t  would have an 
impact on the OSCRS design were i d e n t i f i e d  and are l i s t e d  i n  
Table 3.2-2, showing the requirements, document reference, and 
subsystem a p p l i c a b i l i t y .  
the S t a t i o n  prooram has i d e n t i f i e d  three l e v e l s  o f  redundancy f o r  
onboard systems as shown i n  Table 3.2-3 .  
c r i t i c a l  t o  crew safety  and Space S ta t i on  element s u r v i v a b i l i t y  must be 
two-faul t t o l e r a n t  w i t h  three l e v e l  s o f  funct ional  redundancy. 
funct ions c r i t i c a l  t o  mission support must be s i  ngl e- faul  t to1 erant.  
Honcri t i c a l  functions requ i re  no f a i l u r e  tolerance. Because OSCRS 
performs a c r i t i c a l  mission support funct ion,  i t  was c l a s s i f i e d  f o r  
t h i s  study as requi  r i n g  one-faul t to1 erance t o  compl e t i  ng i t s  re fue l  i ng 
operation. 
s h u t t l  e-based OSCRS. 
c r e a t i n g  a hazard wh i l e  i n  the s h u t t l e  bay, however, s t i l l  must he met. 
The most important c r i t e r i o n  i s  safety ,  and 
Those systems t h a t  a r e  
Those 
This i s  the same as e x i s t i n g  design requirements f o r  the 
The requirement f o r  two-faul t to1 erance t o  
Ions 
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Number Title Rev 
SS PDRD. Sect 3: SS Systems Requirements D 
Sect 9: Product Assurance Reqmts 
SSP Design Criteria 
Table 3.2-1 Reference Documents Used in Study 
Date 
11151a7 
10124/a6 
411 5186 
Document 
SCOOO2422 
SC0002457 
SC0002706 
SY 19-2 
SY 20-4 
JSC 30000 
JSC 30213 
JSC 30228 
JSC 30255 
JSC 30258 
JSC 30261 
JSC 30263 
JSC 30264 
JSC 30426 
JSC 30431 
JSC 30501 
DMS Baseline, Vol4. Sect 4, Item B, 
Ss - BCD 
Thermal - ACD 
Data Management System - ACD 
fluid Management Systems - ACD 
SS External Contamination Requirements 
Serviang FacilityrrNss Assy - IRD 
Spas Station Sewicing Facility - ACD 
OMV flight Vehicle - CEI Specification 
O W  Payload Accommodations Equip. - CEI Spec 
EPS - ACD 
43267.000 OMV Preliminary Design Document, Book 1 - - Badc2 * .  
1/15/87 
1/15/87 
1115187 
1/15/87 
1/15/87 
11119f87 
1/15/87 
1/15/87 
G IXRW DRO2, V4 
NSTS 07700, V d  XIV 
A?T I (IC0 2-19001) 
1011 5/86 
A 1011 5/86 
1211 9/88 WP-03 Defin 8 Prelim Design, C w t  Servicing 
Space Shuttle System Payload Accommodations, I 911 6/86 
Shunle OrbiterCargo Standard Interfaces I 911 6/86 
Table 3.2-2 Space Station Unique Design Requirements Aflecting OSCRS 
REQUIREMENT 
FAILURE TOLERANCE LEVELS 
STORAGE CONTAINER LEAK 
BEFORE BURST 
CONTAMINATION CONTROL 
EXTERNAL VENTING (1 4 DAY HOLD) 
METEOROID/DEBRIS PROTECTION 
HAfARWUS FLUID RESUPPLY 
SHALL USE REMOTELY OPERATED 
UMBILICALS WmC MANUAL 
OVERRIDE 
NONHAZARDOUS DRAINS, VENTS, 
AND WXHAUST PORTS 
LEAK DETECTION, CONTROL, AND 
ISOLATION 
SUBSYSTEM 
APPLICABILITY 
ALL 
STRUCTURALMECHANICAL 
FLUIDS 
STRUCTURAUMECHANICAL 
FLUIDS; STRUCTURAV 
MECHANICAL 
FLUIDS 
FLUIDS 
REFERENCE 
JSC 30000, SEC 3: PARA 2.1.10.A 
JSC 30000. SEC 3; 
PARA 2.1.1 1.2.4.1 
JSC 30426. PARA 3.1.1 
JSC 30000. SEC 3: PARA 2.1.3.1.1 
JSC 30000. SEC 3; PARA 2.1.2.4.3.4 
JSC 30000. SEC 3: PARA 2.1.1 1.2.6 
JSC 30000, SEC 3, 
PARA 2.2.12.2.2.2: PART 2. 
PARA 3.5.3.1 1 
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FUNCTIONAL 
CRITICALITY 
FAILURE FUNCTIONAL 
TOLERANCE REDUNDANCY 
CREW SAFETY AND 
SSP SURVIVAL 
I ALL SYSTEMS SHALL BE DESIGNED TO BE ON-ORBIT RESTORABLE I 
2 FAILURE 3 MINIMUM 
Hardware changes t o  the basic OSCRS will be needed t o  satisfy the 
requirements i n  Table 3.2-2. All propellant and pressurant tanks on 
OSCRS must be qualified t o  satisfy the leak-before-burst cr i ter ia .  
Space Station program has a1 so establ ished restrictions on overboard 
venting of f l u i d s  because of the presence of attached payloads f o r  
astronomical viewing. These requirements p r o h i b i t  the venting of any 
solids or l i q u i d s  w i t h  gas venting being permitted only a t  14-day 
intervals and only i n  the -X  direction of the S t a t i o n .  Changes i n  the 
venting approach on,OSCRS must therefore he addressed. Hazardous fluid 
containers must be protected from impacts by meteoroids and space 
debris t o  prevent tankage failure and t o  contain any fragments from a n  
exploded t a n k .  Blast shields must be provided around each t a n k  o r  the 
whole structure t o  satisfy this requirement, or i t  must be shown t h a t  
the OSCRS can be protected by the Servicing Facility enclosure. 
PDRD also has a requirement stating t h a t  a l l  hazardous fluid resupply 
operations shall be accompl i shed remotely w i t h  manual backup requiring 
the addition of automatic umbilicals t o  the OSCRS. This i s  a major 
change from the Shuttle-based OSCRS where manual umbilicals were 
specified. 
design concepts fo r  a Station-based OSCRS. They were evaluated and 
will he examined i n  more detail f o r  each of the OSCRS subsystems 
throughout the remainder o f  the report .  
Tine 
The 
These requirements were addressed throughout  the study a s  
1 FAILURE CRITICAL MISSION SUPPORT 
0 FAILURE NONCRITICAL FUNCTIONS 
3.3 FLUID RECUIREMENTS 
2 MINIMUM 
1 MINIMUM 
The Space S t a t i o n  will require a wide variety of f l u i d s  fo r  o r b i t a l  
resupply, ranging from nitrogen for  l i f e  support t o  storable 
propellants f o r  sate1 1 i t e  resupply. 
used fluid on the S t a t i o n ;  i t  i s  used f o r  l i f e  support, experiment 
supply, and sa te l l i t e  servicing. Water will also be a major f l u i d  f o r  
resupply because i t  i s  used as the propellant for the S t a t i o n  
oxygen/hydrogen propul sion/reboost system. The OSCRS has a1 ready been 
baselined for  hydrazine resupply, and an objective of this  contract was 
t o  examine design changes t o  allow OSCRS t o  be used t o  transport water 
t o  the Space S t a t i o n  as well. 
Nitrogen w i  11 be the most widely 
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F l u i d  requirements generated by the Mar t i n  M a r i s t t a  Space S ta t i on  group 
were reviewed t o  determine capaci t ies f o r  a Station-based CSCRS f o r  
both hydrazine and w a t e r  t ransport .  
requirements f o r  s a t e l l i t e  se rv i c ing  and f o r  OMV se rv i c ing  were 
generated and are shown i n  Tables 3.3-1 and 3.3-2. 
p rope l l an t  quan t i t i es  requi red by the OMV vary depending on the 
assumptions used; however, the numbers i n  Table 3.3-2 are 
representat ive of the usage ra tes  expected o f  an OMV support ing S t a t i o n  
operations. The OMV Short Range Vehicle contains the hydrazine and 
co ld  gas n i t rogen propuls ion systems t h a t  are designed fo r  on -o rb i t  
r e f u e l  i ng. The OSCRS/OMV i n te r faces  f o r  r e f u e l  i ng w i  11 be d i  scussed i n  
d e t a i l  in Section 5.2.1. 
Time-phased propel 1 an t  
E s t i m a t e s  f o r  
SPACECRAFT FLU ID 1995 1996 1997 1998 1999 2000- 
GRO HYDRAZINE 3000 3000 
SPARTAN HYDRAZINE 1650 3300 3300 3300 3300 3300 
Table 3.3-2 O W  Propellant Requirements for Station Servicing Missions 
ALL WEIGHTS IN LBS 
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Water i s  used by a number o f  S ta t ion  systems, as  shown i n  Table 3.3-3, 
and the resupply requirements depend on many factors .  
water i s  ava i l ab le  t o  the S ta t i on  from several sources. The 
Envi ronmental Control and L i f e  Support System (ECLSS 1 base1 i ne design 
c a l l s  f o r  a closed-loop water recovery system tha t ,  depending on the 
method o f  carbon d iox ide  reduct ion,  can produce s i g n i f i c a n t  quan t i t i es  
o f  excess potable water. 
produce h igh l y  pure water as a byproduct, and the cu r ren t  p lan  i s  t o  
prov ide an i n t e r f a c e  between the S ta t i on  and the Orb i te r  so t h a t  t h i s  
water can be scavenged and in tegra ted  w i t h  the S ta t i on  supply. Water 
is a lso  t ranspor ted i n  the form o f  food and subsequently becomes 
ava i l ab le  through the  ECLSS water recovery system. 
above sources and usage requirements must be balanced t o  determine how 
much ex t ra  water t ranspor ted on an OSCRS would be required. 
3.3-4 presents a t y p i c a l  90-day water balance f o r  the Stat ion.  This 
t a b l e  r e f l e c t s  the  complexi ty o f  the water balance, assuming Orb i te r  
scavenging i s  avai lab le.  
A supply of 
The Orb i te r  oxygenlhydrogen f u e l  c e l l s  
Water from the  
Table 
On average, approximately 2000 l b  o f  excess 
PROPULSION/REBOOST SYSTEM 
ENVIRONMENT CONTROL AND 
LIFE SUPPORT SYSTEM (ECLSS) 
US. LABORATORY 
Table 3.3-3 Space Station Water Users 
GENERATION OF GH2/G02 
FOR PROPULSION/AITITUDE CONTROL 
CLOSED-LOOP SYSTEM: PRODUCES 
EXCESS POTABLE WATER 
EXPERIMENT SUPPORT 
I I SYSTEM 1 USE 
&AS per 90 days 39 
EVA Duralion.hn 6 
EMU Loop Closure Closed 
Food Water Content.lbm/man/dav 1.1 
STS Potable Water 2610 
STS Waste Water' 270 
Station Potable Water 3372 
Station EVA Water 0 
EXPERIMENT SUPPORT; LIFE 
SUPPORT JAPANESE EXPERIMENT MODULE (JEM) 
8 
4 
12.6 
I COLUMBUS MODULE 
MTL Water Makeup 1145 
Excess Water (Propulsion) 2227 
EXPERIMENT SUPPORT: LIFE I SUPPORT 
Orbiter Stay Duration,days 5.625 
Orbiter Visits per 90 Days 2 
0 Scavenged Orbiter Storage Tank H2O.lbm 
Scavenged Orbiter Waste WaterJbm 0 
JEM Water Requirement 0 
MTL Experiment Water Recovery.% 85 
CFES Water Requirement,lbm 0 
CFES Water Recovery,% 95 
MTL Experiments Requirement Jbm 7633 
Table 3 3 4  Typical Space Station 90-Day Water Balance 
'Not included in excess water 
SPACE STATION WATER BALANCE PER 90 DAYS 
INPUTS: I WATER BALANCEJbs 
Station Crew Size 8lECLSS Potable 762 
orbiter crew Size ' 
Orbiter Crew on Station I Orbiter Power Level ,Kw 
3-1 1 
water would be ava i l ab le  t o  the S ta t i on  propuls ion system wi thout  any. ' 
OSCRS resupply. 
from the Mar t in  Mar ie t ta  Space S ta t i on  program ind i ca te  t h a t  t h i s  
amount o f  water would be i n s u f f i c i e n t .  F igure 3.3-1 presents the 
amount o f  water onboard the S ta t i on  as a func t i on  o f  time, showing t h a t  
a water d e f i c i t  o f  approximately 5000 lb /year  would r e s u l t  w i thout  
augmentation by OSCRS resupply. Figure 3.3-2 shows the S ta t i on  onboard 
water supply with OSCRS, assuming a 5000-lb-capacity OSCRS. The OSCRS 
would be f lown an average o f  once per year. 
t h a t  the  water OSCRS should be sized l a r g e r  than the basic CSCRS used 
f o r  GRO hydrazine serv ic ing.  
OSCRS f o r  water resupply are discussed i n  Sect ion 4.5. 
However, water requirements f o r  propuls ion obtained 
These r e s u l t s  i n d i c a t e  
Hardware design changes t o  the bas ic  
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Figure 3.3-1 Space Station On-Board Water -- No OSCRS Resupply 
3.4 INTERFACES 
3.4.1 System Interfaces 
The in te r faces  between OSCRS and the Space S ta t i on  are more complex 
than those between the OSCRS and the Shut t le .  The OSCRS i n te r faces  
w i t h  the Orb i te r  are s t r u c t u r h l  and e l e c t r i c a l ;  however, i n te r faces  
w i t h  the S ta t i on  inc lude f l u i d  as wel l  as s t r u c t u r a l  and e l e c t r i c a l  
in ter faces.  
S ta t ion  as shown i n  F igure 3.4-1. 
i n  one o f  the Serv ic ing F a c i l i t y  bays, wh i le  the water OSCRS would be 
attached t o  an i n t e r f a c e  on the transverse boom near the pressur ized 
modules. The water OSCRS i n t e r f a c e  would a l l ow  t rans fe r  o f  water i n t o  
the storage tanks loca ted  i n s i d e  the pressur ized nodes v i a  external  
d i s t r i b u t i o n  l i n e s  i n  the t r u s s  s t ruc tu re ,  p a r t  of the In tegra ted  Water 
System described i n  the F l u i d  Management System Arch i tec tu ra l  Control 
Document (Ref 1 1. 
The OSCRS would phys i ca l l y  be loca ted  i n  two areas on the 
The hydrazine OSCRS would be loca ted  
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Figure 3.4-1 OSCRS Locations at Space Station 
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Prel iminary system l e v e l  in te r faces  between OSCPS and the Shut t le  were 
establ ished and are shown schematical ly i n  F igure 3.4-2. 
in te r faces  are o f  three basic types: s t r u c t u r a l  /mechanical , f l u i d ,  and 
avionics.  The CSCPS-to-NSTS/Space-Station i n te r faces  are a s t r u c t u r a l  
i n t e r f a c e  f o r  launch and grappl ing and an av ion ics i n te r face  f o r  
command, power, and s tatus monitoring. Required in te r faces  between the 
S ta t i on  Mobile Serv ic ing Center arm and the Serv ic ing F a c i l i t y  
t tanipulator cons i s t  o f  a grapple f i t t i n g  and an av ion ics i n t e r f a c e  used 
dur ing the t rans fe r  o f  OSCRS from the  Orb i te r  t o  the S ta t i on  attachment 
loca t ion .  
The 
I 
I 
NSTS I OSCRS I 
WASTE GAS 
UMBILICAL 
FLUID 
UMBl Ll CAL 
(HYDRAZINE) 
AVIONICS I/F * AVIONICS I/F 
(COMMAND, (COMMAND, 
STATUS STATUS 
MONITORING, MONITORING, 
N2 SUPPLY 
POWER) 
UMBILICAL 
Figure 3.4-2 OSCRS-to-NSTS Preliminary lntelfaces 
Figure 3.4-3 shows the pre l im inary  i n te r faces  between OSCRS and the 
Space S ta t i on  Serv ic ing F a c i l i t y  and a payload. 
inc lude those u t i l i t i e s  provided by the Space S ta t i on  and the Serv ic ing  
F a c i l  i ty. 
three in tegra ted  f l u i d  systems on the S ta t i on  t h a t  prov ide f l u i d  supply 
and handl ing hardware t h a t  can be u t i l i z e d  by the OSCPS. An in teg ra ted  
supply o f  high-pressure n i t rogen i s  provided f o r  a1 1 users, i nc l  u d i  ng 
the Serv ic ing  F a c i l i t y .  This supply would be ava i l ab le  t o  the OSCRS as 
p a r t  o f  the Serv ic ing F a c i l i t y  f l u i d  services accommodations. 
add i t ion ,  an in tegra ted  waste f l u i d  management system stores and 
disposes o f  a l l  S ta t i on  waste f l u i d s  per the contamination 
These in te r faces  
The Space S ta t i on  F1 u i d  Management System ACE describes 
I n  
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requirements. The Servic ing F a c i l i t y  f l u i d  services accommodations 
provide an in te r face  between OSCRS and t h i s  system. 
support i n t e r f a c e  between OSCRS and the Serv ic ing  F a c i l i t y  would be 
needed. The in te r faces  between CSCRS and a payload would he a 
s t ruc tu ra l  docking mechanism, an automatic f l u i d  umbi l i ca l  (hydrazine),  
and an av ion ics  i n te r face .  The s a t e l l i t e  t o  be re fue led  i s  he ld  i n  
place by the Retention and Pos i t i on ing  System provided by the Serv ic ing  
F a c i l i t y .  
the f o l l  owing subsystem sections. 
A s t r u c t u r a l  
The s p e c i f i c s  o f  each i n t e r f a c e  are  discussed i n  d e t a i l  i n  
MSC OR SFM 
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Figure 3.4-3 OSCRS-toServicing-Facility/payload Preliminary Intevaces 
3.4.2 F l u i d  In te r faces  
The spec i f i c  f l u i d  i n te r faces  between the  OSCRS, Space Stat ion,  and the 
user payload cons is t  o f  two gaseous i n te r faces  and one l i q u i d  
in te r face .  The S ta t i on  In tegra ted  Nitrogen System suppl ies n i t rogen a t  
pressures o f  up t o  3500 p s i  t o  the Serv ic ing  F a c i l i t y .  
i s  ava i l ab le  f o r  use by OSCPS, provided a compatible i n t e r f a c e  i s  
provided. 
tanks, o r  the CSCRS pressurant tanks could be removed t o  save launch 
weight and the  S ta t i on  n i t rogen supplied d i r e c t l y  t o  the  OSCRS pressure 
cont ro l  subsystem. Eecause normal venting/purging operations, a 
standard OSCRS procedure f o r  Shuttle-based re fue l i ng ,  w i l l  no t  be 
allowed on the  S ta t i on  except a t  c o n t r o l l e d  i n t e r v a l s  and i n  c o n t r o l l e d  
d i rec t ions ,  the  c a t a l y t i c  vent system on the  OSCRS must be modif ied. 
The S ta t i on  provides f o r  onboard systems waste f l u i d  storage tanks t h a t  
the  OSCRS could use t o  s to re  pressurant gases expel led dur ing  leak 
check operations and the gaseous exhaust products from the  c a t a l y t i c  
vents. 
This n i t rogen  
The n i t rogen could be used t o  resupply the  OSCRS pressurant 
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Reference 1 describe,s the'  pre l iminary c m f i g u r a t i o n  o f  the I n t e g r a t i o n  
Waste F l u i d  Management System. 
by ox id izers  and fuels.  
w i l l  be the U.S. and i n t e r n a t i o n a l  laboratory  modules, where several 
types o f  gases w i l l  be used t o  purge experiments. A l l  gases would 
d i  scharge i n t o  common 1 i nes. 
operations w i l l  be contaminated w i t h  hyd ra t i  ne, and, dur i  ng 1 i ne 
purging operations, hydrazine alone w i l l  be discharged. The c a t a l y t i c  
vent system w i l l  r e a c t  most o f  the p rope l l an t  vapors, but, s ince the 
process i s  n o t  100% e f f i c i e n t ,  some p rope l l an t  vapor would be added t o  
the comnon S ta t i on  waste vent l i n e .  
before storage, a safety  hazard would e x i s t  i n  r a i s i n g  the temperature 
and pressure o f  the OSCRS waste gas. Based on the con f igu ra t i on  o f  the 
waste system, i t  i s  recommended t h a t  the OSCRS waste gases be handled 
separately t o  avoid t h i s  p o t e n t i a l  problem o r  t h a t  add i t i ona l  c a t a l y t i c  
reactors  be added t o  the system t o  ensure complete reac t i on  o f  the 
OSCRS vent products. 
i n teg ra ted  f l u i d  systems, the a d d i t i o n  o f  two gas quick disconnects 
would a l l ow  the OSCRS f l u i d  subsystem t o  receive S ta t i on  n i t rogen  and 
remove waste gases i n  compliance w i t h  S ta t i on  requirements. 
the Shuttle-based OSCRS, the lone l i q u i d  i n t e r f a c e  would be between the 
OSCRS and the user payload. 
This system segregates gaseous wastes 
Primary sources o f  waste gases f o r  t h i s  system 
Waste gases f r o m  OSCRS refuel  i ng 
Since the gases are compressed 
I n  summary, t o  i n t e r f a c e  w i t h  the S ta t i on  
As w i t h  
3.4.3 Thermal Interfaces 
Thermal i n t e r f a c e s  between the OSCRS and the S ta t i on  Serv ic ing Faci 
would be minimal. The OSCRS' own thermal con t ro l  system would be 
adequate t o  handle the S ta t i on  environment, and only  power would be 
needed from the Stat ion,  Mobile Service Arm, o r  the Serv ic ing F a c i l  
f o r  heater con t ro l .  
i t y  
t Y  
3.4.4 Structural/Mechanical I n te r faces  
OSCRS w i l l  need several s t r u c t u r a l  and mechanical i n te r faces  between 
the Shut t le ,  Space Stat ion,  and spacecraft.  These i n t e r f a c e s  w i l l  be 
made by using both e x i  s t i n g  mechanisms and mechani sms bei  ng designed 
f o r  use on the Space Stat ion.  A s t r u c t u r a l  support i n t e r f a c e  w i l l  be 
needed between OSCRS and the Shu t t l e  dur ing launch and on -o rb i t  
operations. 
keel f i t t i n g s  o f  the basic OSCRS, o r  the CSCRS could i n t e r f a c e  
s t r u c t u r a l l y  w i t h  the Unpressurized L o g i s t i c s  Carr ier .  
i n t e r f a c e  compatible w i t h  the S ta t i on  manipulator arms and the Shu t t l e  
Remote Manipulator System w i l l  be needed t o  remove the OSCRS f r o m  the 
payload bay. A payload docking - interface t o  a l l o w  a spacecraf t  t o  be 
d i r e c t l y  attached t o  the OSCRS would a lso be needed. 
Stat ion,  the OSCRS must s t r u c t u r a l l y  i n t e r f a c e  t o  e i t h e r  the S t a t i o n  
t russ  assembly o r  the Serv ic ing F a c i l i t y  f o r  storage. 
attached t o  the t russ,  i t  i s  an t i c ipa ted  t h a t  the same mechanism used 
t o  at tach the Unpressurized L o g i s t i c s  Car r i e rs  would be employed. 
This i n t e r f a c e  could be the standard t runnion p ins  and 
A grapple 
Once a t  the 
I f  OSCRS i s  
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Ins ide the Serv ic ing F a c i l i t y ,  OSCRS must provide the i n te r face  
hardware necessary t o  permit  attachment o f  manipulat ion and hand1 i ng 
devices t o  move and p o s i t i o n  OSCRS f o r  storage i n  the Service Track 
Assembly and f o r  attachment and r e t e n t i o n  o f  OSCRS f o r  serv ic ing.  The 
Serv ic ing F a c i l i t y  w i l l  provide generic attachment f i x t u r e s  f o r  OSCRS, 
i ncl  ud i  ng primary and secondary s t ruc tu re  f o r  1 oad t rans fe r .  The 
Serv ic ing F a c i l i t y  Retention and Pos i t i on ing  subsystem provides a 
v a r i e t y  o f  means f o r  securing spacecraft, payloads, and customer 
p a l l e t s  f o r  the purpose o f  se rv i c ing  and storage. This subsystem w i l l  
probably be used f o r  the temporary storage and s e r v i c i n g  o f  OSCRS and 
f o r  p o s i t i o n i n g  OSCRS f o r  s a t e l l i t e  re fue l i ng .  It cons is t s  o f  a 
universal  payload adapter, a payload hold ing f i x t u r e ,  and payload 
attachment equipment. 
3.4.5 Avionics In ter faces 
The fo l l ow ing  l i s t  o f  funct ional  requirements provided a basis f o r  
assessing impacts t o  the basic OSCRS av ion ics conceptual design t o  
a l l ow  basing OSCRS a t  the Space Stat ion:  
Operator con t ro l  and monitor o f  f l u i d  resupply v i a  Space S ta t i on  
general purpose workstat ions ; 
I n t e r f a c e  o f  OSCRS t o  Space S ta t i on  w i t h  minimum mod i f i ca t i ons  t o  
OSCRS; 
Control o f  f l u i d  resupply using Space S t a t i o n  computers and Data 
Management System (DMS), using e i t h e r  OSCRS-provided software o r  
Space S ta t i on  software; 
Prov is ion o f  an i n t e r f a c e  w i t h  Space S ta t i on  f o r  con t ro l  o f  OSCRS 
subsystem elements, c o l l e c t i o n  o f  system data, and power; 
Prov is ion o f  an i n t e r f a c e  t o  the Space S ta t i on  MSC and Service 
F a c i l  i t y  Manipul a t o r  (SFM) f o r  power and data monitor ing;  
Control of f l u i d  resupply o f  spacecraft r e q u i r i n g  mu1 t i p l e  OSCRSs; 
Control o f  o f f l o a d i n g  ' f l u i d  from OSCRS f o r  r e t u r n  v i a  NSTS; 
Maintenance o f  two-faul t tolerance o f  data f o r  safe c o n t r o l ,  
caut ion and warning, power t o  OSCRS and s a t e l l i t e ,  and detect ion 
and con t ro l  o f  o u t - o f - l i m i t s  condi t ions;  
Prov is ion o f  software t o  con t ro l  f l u i d  resupp 
acquis i t ion,  present graphic d i sp lay  o f  data, 
i n t e r a c t i v e  operator i n te r face ;  
Minimizat ion o f  OSCRS on-board e l e c t r o n i c s  by 
service f a c i l i t y  and/or us ing Space S ta t i on  e 
y, perform data 
and provide an 
moving a l l  o r  p a r t  t o  
e c t  r o n i  c s . 
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The d e t a i l s  of the power i n t e r f a c e  requiremznt c f  the basic OSCRS a r e  
the same as those o f  the requi red i n t e r f a c e  f o r  the NSTS. 
f o l l ow ing  requirements are the present basel ine: 
a )  +28 Vdc Power: 1000 watts maximum dur ing normal operat ion 
400 watts maximum dur ing sa f i ng  operat ion 
500 watts average (w i thou t  pump o r  compressor) 
The 
b )  115 Vac, 400 Ht, 3 phase: 325 watts maximum. 
c )  The dc power must be two- fau l t  t o le ran t ,  and the ac power must be 
one-faul t to le ran t .  
The physical  way t h a t  the power, command, and data i n t e r f a c e  i s  made 
w i t h  Space S ta t i on  has no t  been i d e n t i f i e d  a t  t h i s  t ime; opt ions could 
inc lude NSTS ROEU, a manual mating scheme, o r  an automatic mating 
umb i l i ca l  designed f o r  Space Stat ion.  
the var ious OSCRS conf igurat ions i s  presented l a t e r  i n  t h i s  r e p o r t  
(Table 4.4.4-1). The pyro c i r c u i t s  would n o t  be requi red a t  Space 
S ta t i on  because emergency separation w i l l  no t  be needed. 
There are several opt ions f o r  the command and data i n t e r f a c e  
requirements between Space S ta t i on  and OSCRS. 
desc r ip t i on  o f  these opt ions i s  presented i n  Section 4.4. 
conceptual design i s  used, the command and data i n t e r f a c e  requirements 
a t  Space S ta t i on  wi thout  any modi f icat ions are as fo l lows:  
a) Three s e r i a l  in ter faces,  f o r  normal operat ion command and data; can 
be RS422 or 1553 and must be two-faul t t o l e r a n t ;  
The approximate w i re  count f o r  
A more d e t a i l e d  
I f  the basic 
b )  Discrete channels f o r  c o n t r o l  and s ta tus  o f  power and sa f i ng  
c i  r c u i  t s  ; 
c )  
The design documents c u r r e n t l y  ava i l ab le  f o r  Space S t a t i o n  show power, 
command and data, data storage, and processing i n te r faces  t h a t  meet o r  
exceed the requirements f o r  basing OSCRS a t  Space Stat ion.  
3.4.5-1 shows a block diagram o f  how OSCRS could i n t e r f a c e  t o  Space 
Stat ion.  
Space S t a t i o n  must provide display,  command input,  and data storage 
c a p a b i l i t y .  
Figure 
The only  exceptions are the SBM and MSC, which present ly  are no t  
def ined as having the capabi l  i t y  t o  be two-faul t t o l e r a n t  on power, 
telemetry, o r  commands. 
be two-faul t t o l e r a n t  and are planning t o  provide only 208-Vac , 20-Khz 
power. Goddard's basel ine does no t  have OSCRS i n t e r f a c i n g  t o  the MSC, 
bu t  uses the SBM t o  move OSCRS from NSTS t o  the Space S ta t i on  and does 
no t  inc lude e l e c t r i c a l  i n te r faces  t o  OSCRS. I f  se rv i c ing  o r  f l u i d  
t r a n s f e r  f r o m  OSCRS t o  OSCRS w i l l  i nvo l ve  the MSC o r  SBM, there must be 
a two- fau l t - t o le ran t  i n t e r f a c e  f o r  power, telemetry, and commands. I f  
the MSC o r  SBM uses a r e  l i m i t e d  t o  simply t ranspor t i ng  OSCRS, then only  
a two-faul t - t o l e r a n t  power and telemetry i n t e r f a c e  i s  required. 
SPAR sa id  they do n o t  have any requirements t o  
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Figure 3.45-1 Basic OSCRS-to-Space Station Intelface 
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4.1 OPTICEIS 
Three m a j o r  con f i gu ra t i on  opt ions were examined i n  t h i s  study t o  
determine the bene f i t s  and drawbacks o f  each approach f o r  a S ta t i on  
based OSCRS. Major problems encountered i n  the Phase B Space S ta t i on  
studies were caused by the resupply l i m i t a t i o n s  o f  the Shu t t l e  t o  the 
S ta t i on  operat ing a l t i t u d e  o f  250 nau t i ca l  m i l es  and the l i m i t a t i o n s  i n  
the  Shu t t l e  landing weight. The requtred dry  weight o f  the L o g i s t i c s  
Elements was estimated by evaluat ing the resupply requirements and the 
landing and launch weight l i m i t a t i o n s .  Such studies, performed by the 
Mar t i n  Mar ie t ta  Space S ta t i on  program, i nd i ca ted  t h a t  a l l  hardware 
involved w i t h  resupply o f  consumables t o  the Stat ion,  i n c l u d i n g  OSCRS, 
must be weight optimized as much as possible. 
OSCRS was examined t o  determine which systems could be l e f t  on the 
S ta t i on  t o  reduce the weight o f  the up/down por t ion.  
The opt ions def ined f o r  t h i s  study are summarized i n  Table 4.1 -1. 
f i r s t  op t i on  was the Shuttle-based version, r e f e r r e d  t o  as the basic 
OSCRS, w i t h  no modi f icat ions f o r  use a t  Stat ion.  The o the r  two 
options, a minimum modif ied and modular CSCRS, examined what changes 
could be gade t o  opt imize the USCRS for  use a t  the Stat ion.  The 
minimum modi f ied OSCRS op t ion  was def ined as the basic OSCRS w i t h  
minimal changes t o  a l low some op t im iza t i on  f o r  Space S ta t i on  use 
wi thout  major redesign. I n  the modular OSCRS, each subsystem was 
examined t o  i d e n t i f y  po r t i ons  t h a t  could be S ta t i on  based or el iminated 
t o  achieve the lowest up/down weight. I n  a l l  cases, however, the 
minimum modi f ied OSCRS and the modular OSCRS were assumed t o  be 
f u n c t i o n a l l y  i d e n t i c a l  t o  the basic OSCRS. 
Therefore, the basic 
The 
Table 4.1 -I OSCRS Configuration Options 
~ ~~ 
Three Configurations Examined for Station Use: 
Basic OSCRS 
Minimum Modified OSCRS 
Modular OSCRS 
~~ ~ ~ 
Shuttle Baseline Version with No Changes 
Basic OSCRS with Minimum Changes To Enhance Space Station 
Compatibility and Operations 
Pressurant Tanks Removed 
OD's Added for Pressurant Supply and Waste Gas Venting 
OSCRS Uniquely Modified for Station Operations: Hardware 
Modularized for Station Basing 
Avionics Module -- Station Based 
Propellant Storage Module -- Up/Down Portion 
Pressurant Control Module - Station Based 
Vent System Module - Station Based 
OSCRS/Satellite Attach HMI -- Station Based 
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4.2 BASIC OSCRS 
The basic monopropellant OSCPS design, used as the s tar t in !  p o i n t  f o r  
t h i s  study, i s  shown i n  F igure 4.2-1 w i t h  the major subsystems 
i d e n t i f i e d .  
func t iona l  a l l o c a t i o n  i n t o  major subsystems and subsystem elements. 
The basic con f igu ra t i on  uses three p rope l l an t  tanks and two pressurant 
b o t t l e s  as p a r t  o f  the  f l u i d s  subsystem as shown i n  the schematic i n  
F igure 4.2-2. The f l u i d  coupl ings and e l e c t r i c a l  connectors are stowed 
on the p o r t  s ide o f  the s t ructure.  Primary components o f  the av ion ics 
subsystem are mounted on the s t ruc tu re  covered w i t h  a motorized thermal 
shade. A representat ive valve and plumbing panel i s  shown i n  the 
second t i e r  o f  the s t ructure.  
i n s t a l l e d  f o r  opt ions t o  the basic OSCRS f o r  added p rope l l an t  and 
pressurant load capab i l i t y .  
presented i n  Table 4.2-1 showing a mass f r a c t i o n  o f  the three-tank 
vers ion o f  0.60. 
The basic f l i g h t  con f igura t ion  has been grouped by 
S im i la r  modular panels would be 
The basic OSCRS weight statement i s  
DOCKING MECHANISM 
WLI BLANKET f 
TV CAMERAS AN0 L I G H T S  
DISPOSAL VENT 
THERMAL SHADE 
’ w- gQESSURANT PRESSURANT LOW PRESSURE 
CONTROL MOCULE BOTTLES ( 2  TYP) 
Figure 4.2-1 Basic OSCRS Configuration 
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Figure 4.2-2 Fluid Subsystem Schematic 
4.3 KINIMUP MODIFIED OSCPS 
4.3.1 b?inimun! Modif ied OSCRS F l u i d  Subsystem 
The minimum modi f ied OSCRS f l u i d  system was assumed t o  be func t i ona l l y  
i d e n t i c a l  t o  the basic OSCRS b u t  w i t h  mod i f i ca t ions  made t o  opt imize i t  
f o r  s t a t i o n  use. 
shown i n  a block diagram i n  F igure 4.3.1-1 , included removing the 
Pressurant tanks and rep lac ing  them w i t h  an i n t e r f a c e  t o  enable the 
OSCRS t o  receive n i t rogen from the S ta t i on  onboard supply. 
Add i t iona l l y ,  an i n t e r f a c e  was added upstream o f  the c a t a l y t i c  vent 
system t o  i n te r face  w i t h  the S ta t i on  Waste F l u i d  Management System t o  
a l l ow  waste gases generated dur ing  the resupply operat ions t o  be stored 
f o r  vent ing a t  the al lowable time. 
between the CSCRS and the user payload. 
modi f ied w i t h  the above interfaces, i s  shown i n  F igure 4.3.1-2. 
pressurant supply f o r  the S ta t i on  n i t rogen system in te r faces  w i t h  the 
These mod i f i ca t ions  and t h e i r  r e s u l t i n g  in te r faces ,  
The only  l i q u i d  in te r face  i s  
The plumbing schematic, 
The 
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Table 4.2-1 Basic OSCRS Mass Properties 
Truss Structure 
Hechanlrrr 
PRLA b k r d  Points 
Goddard Latches 
Other 
Avionics 
Fluid -mts b Tubing 
memri systa 
TORS Tanks 
Prersurant Bot t ler 
Prersurant 6 r s  (We) 
A' Cradle 
Goddard Ring L Latches 
Future bWh Features 
Dry nass. Total 
 nop pro poll ant (3% Tank Ullage] 
M u l e  nass. Total 
lass Fraction (2% residual fuel] 
Center o f  Gravfty 
(Note: (1) OSCRS 
coordinate system) 
Inertia 
Mars moments o f  
J u s a s  Coordinate system 
Basic OSCRS 
Three TGRS 
Tanks 
504 lb (229) kg 
130 (59) 
83 (38) 
N/A 
314 (143) 
286 (130) 
93 (42) 
360 (164) 
150 (72) 
26 (12) 
N/A 
N/A 
N/A 
954 (88s) 
973 '(1351) 
927 (2240) 
0.60 
X 18.2 
Y 0.0 
2 414.6 
I x x  12810 
Iyy 8520 
122 4280 
- urigin a t  tn 
Y - Yo 
2 20 
~rlmary GRO 
Confl uratlon 
hree TDRS Tanks 
O S k  
504 lb (229) kg 
N/A 
N/A 
63 (38) 
314 (143) 
286 (130) 
93 (42) 
360 (164) 
158 (72) 
26 (12) 
1329 (603) 
1171 (531) 
M/A 
4324 (1965) 
2973 (1351) 
7297 (3317) , 
0.40 
TBD 
TBD 
Ton centerline, I 
Basic O S C R ~  
with Alternate 
bckln Mechant- 
hree PORS Tanks 
504 lb (229) kg 
% (195 
83 (381 
314 (143) 
286 (130) 
93 (42) 
360 (164) 
158 (72) 
26 (12) 
N/A 
N/A 
N/A 
5227 (2376) 
0.56 
X 14.0 
Y 4.1 
2 415.7 
TBD 
mlve direction 1 
Future OSCRS 
with Growth 
Features 
hree TDRS Tanks 
180 
TBO 
415 189) 
316 144) 
93 (42) 
360 164) 
474 (215) 
309 (140) 
N/A 
N/A 
TBO 
TBO 
2973 (1351) 
TBO 
TBD 
ID llWC/AO 2014C 
OSCRS pressurant control hardware v i a  a gaseous disconnect. The 
pressurant tanks are shown removed a1 though they could be retained i f  
desired. The pressurant, a t  3500 p s i ,  i s  regulated down by the fixed 
and variable pressure regulators before being sent t o  the storage tanks 
and the purge/leak check leg. An additional gaseous disconnect i s  
provided downstream of the catalytic vents t o  interface w i t h  the 
S t a t i o n  Waste F l u i d  Management System fo r  disposal of the vent 
products. 
OSCRS. 
system weight i f  the pressurant bottles are removed- 
The remainder of the schematic i s  identical t o  the basic 
These modifications result i n  a 158-lb savings i n  the f l u i d  
4.3.2 M i n i m u m  Modified OSCRS Thermal Subsystem 
An evaluation of the thermal control impacts of S t a t i o n  basing the 
OSCRS was performed. The first  step was t o  identify the impacts t o  the 
system of the basic OSCRS. The thermal control system therma contro 
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ORIGINA~ PAGE IS 
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ORIGINAL PA4GE IS 
&E R W R  QUALITY 
P GAS INTERFACE 
LIQUID INTERFACE 
STATION INTEGRATED 
NITROGEN SYSTEM 
I 
REF: JSC 30264, SECTION 1 
MANAGEMENT 
REF: JSC 30264, SECTION 3 
Figure 4.3.1 -1 Minimum Modified OSCRSISpace Station Fluid Inte$aces 
PRESSURANT SUPPLY FROM 
STATION INTEGRATED 
NZSYSTEM m~ 
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of  the basic 0SCP.S was designed f o r  t h  
i n  the Shu t t l e  payload bay. 
viewing, b u t  the margin i n  the heater power i s  reduced from 50% t o  
10%. 
some r e s t r i c t i o n s .  
Earth, the heater power margin would be reduced t o  10%. 
were sun-oriented when placed i n  f r o n t  o f  a l a r g e  surface, overheating 
could occur i f  shading were no t  provided. 
however, was t h a t  the basic OSCRS could t o l e r a t e  the S ta t i on  
environment w i t h  no design modif icat ions,  b u t  the design margins would 
be reduced. 
h o t  and co ld  environments found 
The design i s  capable o f  deep space 
Attachment o f  the OSCRS t o  the S ta t i on  can be accommodated with 
I f  the OSCRS 
If the OSCRS i s  t o t a l l y  shaded f r o m  the sun and 
The general conclusion, 
Operations o f  a Station-based OSCRS t h a t  impact thermal con t ro l  were 
i d e n t i f i e d  and are summarized i n  Table 4.3.2-1. 
inc lude the t ranspor t  o f  the OSCRS t o  the Stat ion,  t ranspor t  t o  the 
Serv ic ing F a c i l i t y  once a t  the Stat ion,  storage w i t h i n  the Serv ic ing 
F a c i l i t y ,  and the r e f u e l i n g  operations themselves. Once the Shu t t l e  
reaches the Stat ion,  the stay t ime i s  expected t o  average f i v e  days, 
dur ing which time cargo w i l l  be unloaded and t rans fe r red  t o  the 
Stat ion.  Since i t  i s  poss ib le  t h a t  the OSCRS could spend a good 
p o r t i o n  of the stay t ime i n  the Shu t t l e  Bay, heater power would be 
required. During the t ranspor t  t o  the Serv ic ing F a c i l i t y ,  the Mobile 
Serv ic ing Center manipulator arm o r  the Service Ray Manipulator could 
be used. This operat ion should normally be o f  a sho r t  durat ion;  
however, contingency s i t u a t i o n s  (such as an arm f a i l u r e )  could mean 
t h a t  the OSCRS would be exposed d i r e c t l y  t o  the space environment f o r  
an unknown period, and therefore heater power would be required. 
During storage a t  the Stat ion,  on the order o f  90 days durat ion,  the 
OSCRS w i l l  be located i n  Bay 2, which i s  protected by the Serv ic ing 
F a c i l  i ty enclosure. The Serv ic ing F a c i l  5 ty bays w i l l  be covered w i t h  
beta c l o t h  and M u l t i l a y e r  I n s u l a t i o n  (MLI) w i t h  doors located on the +Z 
and -Z faces. Power and Data Management System (DPS) i n te r faces  W i l l  
be provided f o r  con t ro l  o f  the OSCRS i n t e r n a l  heaters. A d d i t i o n a l l y ,  
the bay i t s e l f  can be equipped w i t h  heaters i f  required. During the 
actual  r e f u e l i n g  operations, the OSCRS would be removed from Bay 2 and 
placed i n  the Serv ic ing F a c i l i t y  enclosure. 
heater power would be requi red f o r  thermal con t ro l  and a lso f o r  
cond i t i on ing  o f  the c a t a l y t i c  vents. 
These operations 
For these operat ions,  
4.3.3 Minimum Modif ied OSCPS St ruc tu ra l  /Fechanical Subsystem 
The m i  nimun modi f ied OSCRS s t r u c t u r a l  /mechanical subsystem incorporates 
changes required t o  enhance the c a p a b i l i t i e s  o f  the basic OSCRS a t  the 
Space Stat ion.  Since the S ta t i on  Serv ic ing F a c i l i t y  provides a l l  o f  
the equipment requi red t o  be r th  payloads, these types o f  mechanisms 
could be removed from the 0SCP.S t o  avoid d u p l i c a t i o n  and save weight. 
A l i s t  o f  mechanisms and accessories that  could be removed are l i s t e d  
i n  Table 4.3.3-1. Any o r  a l l  o f  these mechanisms and accessories could 
be removed depending on the p a r t i c u l a r  mission. This l i s t  a l so  appl ies 
t o  the modular OSCRS t o  be discussed i n  the next sect ion.  
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Table 4.3.2-1 Thermal Control Impacts of Space Station Operations 
Total Weight 
OPERATION 
256 Ib 
TRANSPORT TO STATION 
TRANSPORT TO 
SERVICING FACILITY 
ON-ORBIT STORAGE 
SPACECRAFT 
REFUELING 
-~ 
OSCRS 
LOCATION 
SHUlTLE BAY 
MSClSBM 
SERVICING FACILIN; 
BAY 2 
BAY 2 OR IN 
SERVICING FACILITY 
ENCLOSURE 
TIME 
PERIOD 
~ 
TBD 
-1 HR 
-90 DAYS 
- 8 HRS 
THERMAL CONTFIOL 
REQUIREMENTS 
HEATER POWER IF LEFT IN BAY FOR 
EXTENDED TIME 
HEATER POWER FOR CONTINGENCY 
POSSIBLE HEATER POWER; BAY 2 
IS THERMALLY ENCLOSED 
HEATER POWER FOR CATALYTIC 
VENTS 
Table 4 3 3 - 1  Mechanism ana' Accesories Removedfrom the Basic OSCRS for  use at Station 
~~ ~ 
Foot Restraints and Handholds 
Toolbox and Tools 
Emergency Demate - Coupling 
Standard Propellant Coupling (2) 
Umbilical Stowage 
Flex Hose (20 ft x 0.45 Ib/ft) 
Payload Retention Latch Assy 
Electrical Connector and Cable 
I 
14 Ib 
15 Ib 
24 Ib 
35 Ib 
20 Ib 
9 Ib 
130 Ib 
9 Ib 
116 kg 
Three of the items l is ted i n  Table 4.3.3-1 (the standard propellant 
coupling, the umbilical stowage hardware, and the flex hose) are 
required for manual refueling operations of the basic OSCRS. 
Space S t a t i o n  requirements mandate the use of automatic umbilicals f o r  
hazardous f l u i d  resupply, the above items would have t o  be replaced 
w i t h  automatic umbilicals. The basic OSCRS umbilical system consists 
of two s tandardized EVA propellant couplings, each a t t a c h e d  t o  10 f t  of 
flex hose, and an ITT Cannon wing n u t  electrical connector and 10 feet  
of electrical cable. Both propellant and electrical umbilicals are 
stowed on umbilical stowage mechanisms. An emergency umbilical 
Since the 
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separation system a t  the c jb le/hose i n t e r f a c e  meets the requirement f o r  
emergency j e t t i s o n .  
mechanisms, and the emergency separation system i s  90 l b .  These would 
be replaced by an automatic umbi l ica l  mechanism i n  order t o  s a t i s f y  the 
S ta t i on  requirements. The con f igu ra t i on  o f  such an automatic umbi l ica l  
and i t s  requirements w i l l  be addressed i n  d e t a i l  i n  Section 6.0. 
The t o t a l  weight o f  the umbi l ica ls ,  stowage 
4.3.4 Minimum Modif ied OSCRS Avionics Subsystem 
The modi f icat ions t h a t  can be made t o  the OSCRS avion ics apply t o  both 
the minimum modi f ied CSCRS and t o  the modular OSCRS. 
modi f icat ions,  which a l l ow  Station-basing o f  a l l  the avionics,  are 
discussed i n  Sect ion 4.4.4. 
These 
4.4 KODULAR OSCRS 
4.4.1 Modular OSCRS F1 u i d  Subsystem 
The basic OSCRS f l u i d  subsystem was examined t o  determine what po r t i ons  
could be removed and S ta t i on  based t o  save launch weight. 
subsystem performs two basic funct ions:  
t r a n s f e r  o f  propel lant .  
process i s  requi red only  when the OSCRS i s  a t  the Space S t a t i o n  because 
t h a t  i s  the l o c a t i o n  o f  a l l  re fue l i ng .  
be Station-based. Add i t i ona l l y ,  the vent system hardware, i n c l u d i n g  
the c a t a l y t i c  vent, could a lso be based a t  the Stat ion.  
The modular OSCRS f l u i d  subsystem was def ined as three modules as shown 
i n  Figure 4.4.1-1. 
tankage and associated plumbing components t o  s tore the hydrazi  ne and 
sa fe l y  t ranspor t  i t  t o  the Stat ion.  
cons is ts  of the hardware requi red t o  supply and regulate pressurant gas 
t o  the p r o p e l l a n t  storage module assuming the n i t rogen  i s  provided by 
the Stat ion- in tegrated n i t rogen system. 
condi t ions the waste gases produced dur ing the r e f u e l i n g  operat ion and 
sends them t o  the Stat ion- in tegrated waste f l u i d  system f o r  storage and 
disposal. With these modules defined, the basic f l u i d  schematic was 
revised as shown i n  Figure 4.4.1-2. Also shown are the i n t e r f a c e s  t o  
the Station-provided n i t rogen  and waste gas system. 
modif ied OSCRS, the connections between the subsystem modules and the 
S ta t i on  cons is t  o f  gas quick disconnects w i t h  the only  l i q u i d  i n t e r f a c e  
being between OSCRS and the payload. The pressurant con t ro l  module has 
three gaseous quick disconnect i n te r faces  as shown i n  the schematic. 
One quick disconnect i n te r faces  wi th the S t a t i o n  n i t rogen  supply t o  
provide pressurant t o  the pressurant storage module v i a  two quick 
disconnects f o r  tank pressur izat ion,  l i n e  purging, and leak checking o f  
the propel 1 a n t  coup1 i ngs. 
tankage, t r a n s f e r  l i n e  hardware, and l i q u i d  i n t e r f a c e  wi th the 
spacecraft. 
f r o m  the ground t o  the Stat ion.  
module i s  provided t o  cata lyze the vent products produced dur ing the 
purging operation. 
i n  a net  savings i n  up/down weight o f  approximately 300 l b .  
The f l u i d  
storage o f  p rope l l an t  and 
The hardware associated w i t h  the t rans fe r  
Therefore, t h i s  hardware could 
The p r o p e l l a n t  storage module consis ts  of the 
The pressure con t ro l  module 
The vent system module 
As i n  the minimum 
The propel 1 a n t  storage module contains the 
It i s  a lso the p o r t i o n  t h a t  i s  t ransported back and f o r t h  
An i n t e r f a c e  w i t h  the vent system 
This modular izat ion o f  the f l u i d  subsystem r e s u l t s  
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___ rw N2, 50-500 p  OSCRS 
HELIUM 
MODULE .y ., .&$ ... y ' ... 
[ O S C R S  PRESSURE I 
STATION INTEGRATED 
NITROGEN SYSTEM 
N2H4 
I 1 
REF: JSC 30264, SECTION 1 
 CONTROL MODULE 1 
N2 SUPPLY 'I N2 IIF FOR LEAK CHECKING 
i AND FLUSHING OF PROPELLANT 
DISTRIBUTION LINES 
PROP ELLANT 
STORAGE 
MODULE 
7
j 
I 
1 WASTE GAS 
GAS INTERFACE 
LIQUID INTERFACE 
SPACE STATION 
WASTE FLUID 
MANAGEMENT 
SYSTEM 
REF: JSC 30264, SECTION 3 
Figure 4.4 .I -1 Station-Based Monopropellant OSCRS Fluid Interfaces 
3 N2 SUPPLY 
I I U A T C U  P . c I y  .............. 
. ._ - -. . - .
FROM STATION 
INTEGRATED 
N2 SYSTEM t 
TO STATION INTEGRATED 
WASTE FLUID MANAGEMENT SYSTEM 
* ....... 
v a r  srmn (SWWM u u m  
L I 
PRU8URANl  CONTI*)L YOWLR (STAllON U S P 4  
I PROPELLANT STORAGE MODULE 
1 TO USER 
I 
Figwe 4.4.1 -2 Modular OSCRS Monopropellant Fluid Sysrem Schematic 
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4 .4 .2  Modular OSCRS Thermal Control System 
The modular CSCRS thermal control subsystem i s  similar t o  the basic 
OSCRS. Because of the modularization, the avionics on the propellant 
storage module can be greatly simp1 ified. Therefore, the motorized 
thermal shade can be removed. The on-orb i t  operations a t  the Station 
and their impact on the OSCRS thermal control system design were 
discussed in Section 4.3.2. 
4.4.3 Modular OSCRS Structural /Mechanical Subsystem 
The goal of the modular OSCRS i s  t o  minimize the up/down orbiter weight 
while keeping the same functions as the basic OSCRS. 
modified OSCRS, the modular OSCRS will be used only a t  the Space 
S t a t i o n  and i s  subject t o  the same requirements; therefore, the 
mechanisms and accessories changes would be the same. A unique 
structural configuration was developed f o r  the modular OSCRS t h a t  uses 
the Unpressurized Logistics Carrier ( U L C )  for structural support i n  the 
Orbiter bay. Both Martin Marietta and  Boeing Aerospace have proposed a 
ULC t h a t  provides four  stand-offs t h a t  simulate the inside of a module 
and provide a tie-down for pallets. 
these stand-offs and i s  cantilevered from the end of the ULC for 
orbiter transport. 
support structure, which transfer basic OSCRS loads t o  the orbiter,  can 
be removed from the basic structure by unfastening 14  bolts. 
f i t t ings are bolted t o  the OSCRS core structure or strongback, shown i n  
Figure 4.4.3-1, and a mating f i t t ing  i s  bolted t o  each of the 
stand-offs a t  one end of the ULC t o  p rov ide  a tension bolt and  shear 
pin interface between OSCRS and the ULC. 
For remote operation, a universal servicing tool attached t o  the 
Shuttle RMS o r  the Service Bay Manipulator could be used w i t h  the 
appropriate socket wrench tool element t o  remove and tighten the 
tension bolts attaching the modular OSCRS t o  the ULC. 
OSCRS camera t o  view the direction normal t o  the RMS axis may be 
necessary depending on the view available from the Orbiter Aft F l i g h t  
Deck windows, four  cameras in the orbiter bay, and the Space Station 
cameras . 
Like the minimum 
The modular OSCRS attaches t o  
The trunnion and keel pins and their  f i t t ings  and 
Four 
An a d d i t i o n a l  
The avionic boxes and mounting structure will be modularized t o  permit 
relocation t o  Space S ta t ion  except f o r  the multiplexer and  one of the 
Power Distribution Units. This provides a weight savings on jus t  the 
OSCRS structure of 237 lb. An a d d i t i o n a l  weight savings i s  achieved by 
the elimination of  the two payload retention la tch  assemblies ( P R L A s )  
and the Active Keel Actuator, a t o t a l  of about  600 l b  depending on 
where OSCRS i s  located i n  the orbiter bay. (On mixed cargo fl ights 
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Figure 4.4.3-1 Stnrctural Changes-Modular OSCRS 
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t h i s  weight i s  chargeable t o  the STS.) 
OSCRS and the basic OSCRS i s  presented i n  F igure 4.4.3-2. showing the 
i n s t a l l a t i o n  o f  the tanks and the removal o f  the avionics.  
penal ty  added t o  the ULC f o r  ca r ry ing  the modular OSCRS i s  d i f f i c u l t  to 
determine. 
f l u i d s  p a l l e t s ,  the weight impact could be neg l i g ib le .  
A comparison o f  the modular 
The weight 
However, i f  the ULC i s  designed t o  support can t i levered  
BASIC CONFIGURATION4 Tank 
Structure Weight 504 Ib (229 kg) 
5 TANK CONFIGURATION 
Pinned 
Attachment Structure Strongback 
MODULAR CONFIGURATION 
3 or 5 Tank 
Structure Weight 237 Ib (1 08 kg) 
Structure Weight 535 Ib (243 kg) 
Figure 4.4.3-2 Structural Changes for Modular OSCRS 
4.4.4 Modular OSCRS Avionics Subsystem 
Several opt ions f o r  basing the av ion ics subsystem on Space S ta t i on  were 
examined. 
s t a r t i n g  p o i n t  w i t h  three va r ia t i ons  considered as shown i n  F igure 
The av ion ics block diagralii o f  the basic OSCRS was used as a 
4.4.4-1. 
The l i n e  marked "basel ine" i s  f o r  OSCRS w i t h  a l l  av ion ics  on the OSCRS 
and Space S ta t i on  prov id ing  the funct ions t h a t  were provided by A f t  
F l i g h t  Deck (AFD) equipment aboard NSTS. The only  change requi red t o  
OSCRS would be t o  ma jo r i t y  vote the power swi tch ing commands from the 
Space S ta t i on  Mul t ip lexer-Demul t ip lexer  (MDM) because Space S t a t i o n  
w i l l  n o t  prov ide any hardwire switch c a p a b i l i t y ,  
made permanent and e l im ina te  some hardwire switches from the AFD design. 
This change could be 
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Figure 4.4.4-1 Options Considered for Station Basing of Avionics 
The f i r s t  op t ion  considered was t o  base the central processing u n i t  
( C P U )  p a r t  o f  the Southwest Research Computer (SC-1) on the Space 
Sta t ion .  T h i s  i s  not  feasible since i t  would require adding l ine 
drivers and 1 ine receivers t o  the SC-1 and the Expander U n i t .  
The next o p t i o n  considered was t o  base both the SC-1 and the Expander 
U n i t  on Space S t a t i o n .  
require the two votes per computer per valve t o  cross the interface, 
making a large wire count interface. 
The f ina l  o p t i o n  considered was t o  base the SC-1, Expander U n i t ,  and 
Majority Vote Units a l l  on Space S t a t i o n .  
feasible, a mu1 tiplexer u n i t  would be added t o  mu1 tiplex the 
temperature, pressure, and valve position signals t o  reduce the number 
of wires i n  the interface. 
avionics from OSCRS is  determining how t o  get health status and control 
heaters d u r i n g  the time OSCRS i s  i n  the NSTS. 
the Power Dis t r ibu t ion  U n i t  would be sp l i t  into two parts, w i t h  the 
p a r t  required t o  control functions needed f o r  NSTS and the multiplexer 
staying on OSCRS. Thus, d a t a  can get t o  NSTS MOMS v i a  the multiplexer, 
and the necessary power distribution t o  sensors, heaters, and the 
multiplexer can be controlled by the MOMS. 
T h i s  opt ion was rejected because i t  would 
To make this op t ion  
The other problem w i t h  removing a l l  the 
To solve this problem, 
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The Space S ta t i on  basing o f  the av ion ics as p a r t  o f  the modular concept 
provides a weight savings by launching the av ion ics on ly  once. 
av ion ics can be launched the same as any ORU and then i n s t a l l e d  on the 
Space S ta t i on  a t  a l o c a t i o n  t h a t  meets the thermal requirements. 
The weight savings obtained by s t a t i o n  basing the av ion ics w i l l  be 
289 1 b as shown i n  Table 4.6-1. 
A very a t t r a c t i v e  feature o f  the Space S ta t i on  i n t e r f a c e  w i l l  be the 
a v a i l a b i l i t y  o f  an EDP t h a t  could be used t o  replace the OSCRS SC-1 
computers f o r  app l i ca t i ons  where the OSCRS av ion ics  i s  station-based. 
F igure 4.4.4-2 shows a block diagram o f  t h i s  i n te r face .  
The 
I 
OSCAS I I rn 
I 
DMS 
DMS 
OMS 
SSUNlTS ; OSCRSUNITS I 
I 
I I 
Figure 4.4.4-2 OSCRS-to-Space-Station Interface with Avionics 
Station Based and Using Space Station EDPs 
Pn est imate o f  the number o f  wi res needed i n  the umbi l i ca l  t o  i n t e r f a c e  
the var ious OSCRS opt ions t o  Space S ta t i on  i s  presented i n  Table 
4.4.4-1. 
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Table 4.4.4-1 Avionics Interface Wire Count for Various OSCRS Options 
BASIC MONOPROPELLANT I COM MAN D/DATA-SER IAL 6 WIRES MODULAR OSCRS-WITH MUX DATA 21 WIRES 
COMMAND/DATA-PARRALLEL 36 WIRES MUXCONTROL 4 WIRES 
POWER 6 WIRES POWER 6 WIRES 
48 WIRES TOTAL VALVE COMMANDS 40 WIRES 
GROUND (VALVES) 3 WIRES 
MONOPROPELLANT OSCRS-AVIONICS ON SPACE STATION 74 WIRES TOTAL 
50 WIRES 
MUX CONTROL 8 WIRES WATER OSCRS -WITHOUT MUY 
POWER 12 WIRES DATA 30 WIRES 
VALVE COMMANDS 156 WIRES POWER 6 WIRES 
GROUND (VALVES) 3 WIRES VALVE COMMANDS 32 WIRES 
229 WIRES TOTAL GROUND (VALVES) 3 WIRES 
71 WIRES 
I A VALVE COUNT OF 78 WAS ASSUMED FOR THESE TOTALS. 
4.5 SIMPLIFICATIONS FOR WATER 
S i m p l i f i c a t i o n s  t o  the monopropellant OSCRS f o r  the t ranspor t  o f  water 
t o  the S ta t i on  were examined f o r  each o f  the major subsystems. 
discussed i n  Sect ion 3.3.1, the water OSCRS would be attached t o  an 
i n t e r f a c e  on the S ta t i on  transverse boom near the pressur ized modules 
conta in ing the necessary be r th ing  hardware and u t i 1  i t y  umbi 1 i c a l  s .  
water would then be t rans fe r red  t o  the i n t e r n a l  water storage tanks 
contained i n  the Resource Nodes 1 and 2 which have a t o t a l  capaci ty  o f  
4000 l b .  These tanks then i n t e r f a c e  w i t h  the i n t e r n a l  water 
d i s t r i b u t i o n  system, which i s  a t  a r e l a t i v e l y  low pressure o f  
approximately 30 ps i .  
Since the water system i s  a t  low pressure, a blowdown system could be 
used on the water OSCRS, s i m p l i f y i n g  the plumbing hardware. 
Add i t i ona l l y ,  the c a t a l y t i c  vents would no t  be required, and some 
instrumentat ion,  such as flowmeters, could be removed and S ta t i on  
hardware used. 
As 
The 
The plumbing schematic f o r  the water OSCRS i s  shown i n  Figure 4.5-1. 
As discussed i n  Section 3.2, a 5000-lb/year water d e f i c i t  e x i s t s  on the 
S t a t i o n  using cu r ren t  requirements, which i s  approximately the capaci ty  
of an OSCRS using f i v e  t r a c k i n g  and data r e l a y  s a t e l l i t e  (TCRSS) 
tanks. A s imp l i f i ed  analys is  was performed t o  model the blowdown 
process. Since the S ta t i on  water d i s t r i b u t i o n  system w i l l  be a t  l o w  
pressure, the blowdown process i s  espec ia l l y  e f f i c i e n t  i n  the water 
system. An i n i t i a l  tank pressure o f  350 p s i  and a 20% u l l a g e  would 
a l l ow  4070 l b  o f  water t o  be t rans fe r red  t o  the Stat ion.  However, i f  a 
s ing le  OSCRS pressurant b o t t l e  i s  added t o  augment the blowdown 
process, the tank u l l a g e  could be reduced t o  5%, a l l ow ing  760 l b  o f  
add i t i ona l  water t o  be c a r r i e d  a t  the expense o f  approximately 120 7b 
i n  pressurant system wet weight. 
system was selected as the basel ine f o r  the water OSCRS. 
pressurant system could be e l iminated by the a d d i t i o n  o f  pumps t o  the 
Therefore, an augmented blowdown 
The 
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Figure 45-1 OSCRS Water Version Fluid System Schematic 
water OSCRS. However, pumps are an in tegra l  p a r t  o f  t h e  S t a t ion  water 
distribution system, particularly i n  the ECLSS water system. If  these 
pumps could be used t o  transfer the water from the OSCRS, a further 
savings i n  weight c o u l d  be achieved. The entire plumbing system i s  
much simpler t h a n  the monopropellant system, a1 though two-faul t 
to1 erance aga ins t  1 eaks has been retai ned. 
The water OSCRS avionics was designed t o  be one-fault tolerant for 
mission success and two-fault  tolerant f o r  heater operations. One 
majority-vote u n i t  would be required because one u n i t  operates up  t o  20 
valves and the preliminary water design uses 16 valves. Figure 4.5-2 
i s  a block diagram of the water OSCRS-to-Space-Station command, d a t a ,  
and power interface using the Space S t a t i o n  EDPs. 
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Figure 4.5-2 Water OSCRS-to-Space-Station Interfaces 
4.6 COMPARISON OF OPTIONS AND RECOMMENDATIONS 
A comparison o f  the three OSCRS con f igu ra t i ons  opt ions was made t o  
a r r i v e  a t  recommendations. 
options, broken down by subsystem, i s  given i n  Table 4.6-1. 
a s i g n i f i c a n t  increase i n  the mass f r a c t i o n  can be obtained by 
modular izat ion o f  the OSCRS through s t a t i o n  basing o f  the avionics,  
A sumnary o f  the weights o f  the three 
As shown, 
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Table 4.6- I OSCRS Monopropellant Configuration Options Weight Summary 
BASIC OSCRS 
(3 TANK VERSION) 
SUBSYSTEM 
FLUIDS 
PRESSURZATION 
VENT 
PROPELLANT 
804 
STORAGE 
MERMAL 93 
TRUSS STRUCTURE 504 
MINIMUM MODIFIED OSCRS MODULAR OSCRS 
(3 TANK VERSION) (3 TANK VERSION) 
84 
648 6 
505 
93 81 
504 237 
MECHANISMS 
AVIONICS 
MASS FRACTION 
I ALL WEIGHTS IN LBS 
21 3 1 92 20 
31 4 314 25 
0.60 0.63 0.76 
attachment mechanisms, f l u i d  subsystem simp1 i f i c a t i o n ,  and t r u s s  
s t ruc tu re  modi f icat ions.  
espec ia l l y  important f o r  Space S ta t i on  since the L o g i s t i c s  Elements 
w i l l  be tasked t o  s a t i s f y  a l l  o f  the resupply and r e t u r n  requirements. 
Improvements i n  the mass f r a c t i o n  are 
Option 3, which bases the m a j o r i t y  o f  the OSCRS avion ics on Space 
Stat ion,  appears t o  be the best opt ion.  
i f  the EDPs can replace the OSCRS computers. I n  order t o  accommodate 
t h i s  option, i t  i s  recommended t h a t  the i n i t i a l  OSCRS design i nc lude  
the mu1 t i p l e x e r  and the two-part PDU. Addi t ional  design features 
should be the modular iz ing o f  the cable harness, i f  possible,  t o  a l l o w  
the easy removal o f  the av ion ics f o r  s t a t i o n  basing and adding the 
power switching t o  the m a j o r i t y  vote u n i t .  S p l i t t i n g  the PCU w i l l  
c reate two boxes approximately 8 x 8 ~ 1 0  in., 13 1 b, and 15 wat ts  each 
versus one PDU, 1 8 ~ 1 2 ~ 7 . 5  in.,  22 l b ,  and 6 watts; the m u l t i p l e x e r  w i l l  
be approximately lOxlOxl0 in . ,  12  l b ,  and 25 watts, f o r  a n e t  av ion ics 
weight increase o f  16 l b  t o  the basic OSCRS. 
This i s  espec ia l l y  a t t r a c t i v e  
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The ground support equipment (GSE) will require some additions f o r  
ground checkout and f i l l i n g  of the modular OSCRS because the avionics 
on the modular OSCRS will  only consist of the multiplexer and a PDU. 
The approximate cost t o  modularize the avionics will be $250,000 for 
the PDU sp l i t ,  $750,000 for the multiplexer, and $150,000 f o r  the GSE 
modifications. 
In conclusion, we recommend t h a t  the modular approach be baselined for 
OSCRS because of the i ncreased operating f l  exi b i l  i t y  and 1 aunch weight 
reductions that can be gained when adap t ing  the OSCRS for  Space S ta t ion  
use. 
4.7  OPERATIONS A T  SPACE S T A T I O N  
The use of  OSCRS f o r  refueling a t  S t a t i o n  can involve many scenarios 
t h a t ,  because of the preliminary nature of the Space S t a t i o n  design, 
cannot be formalized a t  this time. However, general refueling 
scenarios were developed t o  make some preliminary assessment of the 
impacts t o  the OSCRS design. 
of factors, such as where OSCRS will be stored, where the refueling 
will take place, and whether more t h a n  one OSCRS i s  required. 
a d d i t i o n a l  impact is the configuration of the Space S t a t i o n .  Program 
O p t i o n  1 ,  described i n  Section 3.1, does not include the Servicing 
Facility and therefore refueling operations will be different from the 
f u l l - u p  S ta t ion .  The purpose of this section i s  t o  review the basic 
operations and t o  develop general procedures i n v o l v i n g  the use of OSCRS 
a t  the Space Sta t ion .  
The scenarios are influenced by a number 
A n  
4.7.1 S h u t t l  e-to-Station Transfer 
Transfer of the OSCRS from the Shuttle once i t  has docked t o  the 
S ta t ion  will be necessary t o  place the OSCRS either i n  the Servicing 
Facility o r  on the truss. 
truss near the pressurized modules. 
also be attached t o  the truss i f  i t  i s  used prior t o  the Servicing 
Facil i ty 's  being operational ( O p t i o n  1 Space S t a t i o n ) .  When the 
Servicing Facility i s  present, the monopropellant OSCRS would be stored 
i n  Bay 2 o f  the service track assembly. 
The transfer from Shuttle t o  S t a t i o n  would require several mat ing  and 
demati ng operations possibly invo lv ing  several types of  mechanisms. 
General Space Sta t ion  requirements dictate t h a t  interfaces shoul d be 
mated and verified before existing interfaces are demated. This i s  a 
speci f ic  requirement for the Logi si t i c s  Elements. T h i  s p h i  1 osophy , 
while not specifically called f o r  OSCRS, was used i n  evaluating impacts 
t o  OSCRS of the transfer operations. 
invol ve the fol  1 owi ng steps : 
The water OSCRS would be attached t o  the 
The monopropel 1 a n t  OSCRS coul d 
In general, the transfer would 
1 .  Mate and verify OSCRS t o  the S ta t ion  RMS o r  Servicing Facility 
Manipulator interfaces (structural, power, DMS). 
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2. Demate OSCRS/Shuttle in ter faces ( s t r u c t u r a l ,  power, DMS).  
1 MECHANISM USED 
3 .  
4. 
Translate OSCRS t o  the S ta t i on  docking l oca t i on .  
Mate and v e r i f y  OSCRS/Station o r  Serv ic ing F a c i l i t y  i n te r faces  
( s t r u c t u r a l ,  power, DMS, f l u i d ) .  
Remotely Operated 
Electrical Umbilical (ROEU) 
Orbiter Disconnect 
Universal Servicing Tool 
Attached to Service Faciity 
Manipulator 
~ 
' Assembly (ODA) 
5. Demate OSCRS/manipulator arm in ter faces.  
The above operations would be repeated i n  reverse order t o  r e t u r n  OSCRS 
t o  the Shu t t l e  bay f o r  t ranspor t  t o  the ground. 
i d e n t i f i e d  dur ing the development o f  the t r a n s f e r  f l o w  was the need f o r  
OSCRS t o  be monitored wh i l e  attached t o  the S t a t i o n  RMS or Serv ic ing 
F a c i l  i ty manipulator and t o  have power provided f o r  heater supply. 
Since the actual  t r a n s i t  t ime from the O r b i t e r  bay t o  the S ta t i on  
i n t e r f a c e  l o c a t i o n  has no t  been i d e n t i f i e d  and could vary, the 
p rov i s ion  f o r  heater power was assumed t o  be a requirement. 
Add i t i ona l l y ,  f a i l u r e  o f  the arm o r  the MSC t r a n s l a t i o n  mechanism would 
mean t h a t  OSCRS could be attached f o r  an extended period, making 
moni tor ing and heater power supply a safety  requirement. 
A der ived requirement 
As mentioned prev ious ly ,  several types o f  mechanisms would be i nvo l ved  
wi th the t r a n s f e r  operations. Table 4.7.1-1 l i s t s  each t r a n s f e r  step, 
w i t h  the mechanism opt ions f o r  each and the type o f  i n t e r f a c e  
involved. 
i nvo l ve  the demating o f  e l e c t r i c a l  and s t r u c t u r a l  in ter faces.  The 
The process o f  removing the OSCRS from the Shu t t l e  would 
Table 4.7.1 -1 Shuttle-to-Station Transfer Intel 
I *  I 
I 
Attach/Release OSCRS 
0 
~ 
Attach/Detach, Retrieve, and Position OSCRS 
MatdDemate Fluid Interfaces 
MateIDemate Electriial Interfaces 
races 
~~ 
Service Facility 
Manipulator (SFM) or 
MECHANICAL INTERFACE I 
~~ 
ROEU Payload Disconnect 
Assembly (PDA) 
Tension Bolts and 
Shear pins 
Electrical Flight Grapple 
Fixture or 
I UST Anchor Plate Universal Servicing Tool (UST) Attached to 
SFM I 
EVA Astronaut or TED 
Automated Umbilical 
Mechanism 
Remotely Operated 
Electrical Umbilical 
(Orbiter Disconnect 
Assembly ) 
Electrical, Fluid and 
Gas Connectors 
ROEU Payload Disconnect 
Assembly 
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Rockwell Remote Connection Mechani sm ( former ly  c a l l  ed .the Remotely 
Operated E l e c t r i c a l  Umbi l ica l ) ,  shown i n  Figure 4.7.1-1, would be used 
f o r  the automatic disconnection o f  the e l e c t r i c a l  i n te r faces .  The 
Remote Connection Mechanism was developed by Rockwell I n te rna t i ona l  f o r  
making and breaking e l e c t r i c a l  connections between the O r b i t e r  and a 
payload. The p lug  h a l f  o f  the connector would be mounted on the CSCRS, 
w i t h  the p o s i t i o n e r  mounted on the Orb i ter .  The d r i v e  assembly b r i ngs  
the p o s i t i o n e r  c lose t o  the OSCRS connector h a l f .  The p o s i t i o n e r  
provides the ad jus t i ng  movements necessary t o  a1 i g n  the connector 
halves and engage the pins, The s t r u c t u r a l  connection could use the 
PRLA and a c t i v e  keel actuator  t o  f r e e  the  OSCRS t runnion and keel 
f i t t i n g s .  
Elements ULC, then the Universal Se rv i c ing  Tool, shown i n  Figure 
4.7.1-2, could be used t o  disconnect the OSCRS from the ULC by 
unscrewing the cap t i ve  tension b o l t s  and shear pins. 
If the modular OSCRS i s  f lown attached t o  the L o g i s t i c s  
POSITIONER 
DRlVEAllY 
As!3EMILY 
Wva Arm 
Figure 4.7.1-1 Rockwell International Remote-Connection Mechanism 1 '  
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Placing the OSCRS i n t o  the Serv ic ing F a c i l i t y  sequences the mating o f  
e l e c t r i c a l ,  f l u i d ,  and s t r u c t u r a l  in ter faces.  As summarized i n  Table 
4.7.1 -1, the CSCRS would be posi t ioned using the Service F a c i l i t y  
Manipulator, and then the connectors would be mated. The connections 
would be mated automat ica l ly  using some type o f  umbi l ica l  connector. 
The number and type o f  connectors requi red var ies,  depending on whether 
a basic, minimum modif ied, o r  modular CSCRS i s  used. 
however, two gaseous in te r faces  and one e l e c t r i c a l  would be required, 
no t  i n c l u d i n g  redundancy. 
I n  general, 
Problem areas were i d e n t i f i e d  on evaluat ing the OSCRS-to-Station 
t rans fe r .  
Manipulator are c u r r e n t l y  only one-faul t t o l e r a n t  f o r  supplying power. 
During a contingency, where 0SCP.S could remain attached t o  e i t h e r  arm 
fo r  an extended t ime period, two-faul t - t o l e r a n t  power would be requi red 
t o  prevent the p rope l l an ts  from freezing. Add i t i ona l l y ,  there are a 
l a r g e r  number o f  possible mechanisms used t o  mate and demate the 
i n te r faces .  The number should be narrowed and standardized t o  prevent 
the OSCRS design from being burdened w i t h  accommodating them a1 1. 
The S ta t i on  Remote Manipulator and the Serv ic ing Bay 
4.7.2 Refuel ing a t  Space S ta t i on  
Refuel ing operations a t  the Space S t a t i o n  i n v o l v i n g  OSCRS are no t  
t o t a l l y  def ined by the Space S ta t i on  program as ye t .  However, refuelng 
w i l l  take place e i t h e r  i n  the Serv ic ing F a c i l i t y  o r  out  on the t russ  i f  
OSCRS i s  used with the Cption 1 Space Stat ion.  I n  general, however, 
the refuel  i ng operations w i  11 i n v o l  ve the f o l l  owing steps: 
1. Remove any meteoroid, thermal, contamination s h i e l d ( s )  t o  gain 
access t o  the umb i l i ca l s  and both OSCRS and the spacecraft.  
funct ion could be incorporated i n t o  the umb i l i ca l  mechanism). 
Use a robo t i c  arm o r  payload handl ing device t o  p o s i t i o n  the 
sate l  1 i t e  near OSCRS o r  vice-versa. 
(This 
2. 
3. Using the be r th ing  mechanism on OSCRS, b e r t h  OSCRS w i t h  the 
spacecraft. 
4. Use a c t i v e  s ide o f  the automatic umbi l ica l  mounted on OSCRS t o  mate 
umbi l ica ls .  
5. Refuel sate l  1 i te. 
6. Demate umbil i c a l  s. 
7. Unberth s a t e l l i t e .  
The va r ia t i ons  i n  these steps can be numerous depending on the 
p a r t i c u l a r  spacecraft involved. 
some operat ional  trades t h a t  were examined i n  an attempt t o  determine 
how OSCRS could best be used a t  the Stat ion.  
The f o l l o w i n g  two sect ions discuss 
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4.7.2.1 Central  D i s t r i b u t i o n  v c r s s  Moveable OSCRS 
One of  the ways t h a t  OSCRS could be used a t  the S t a t i o n  would be t o  
refuel, w i t h  ei ther p r o p e l l a n t  o r  p r e s s u r a n t  gas ,  a t t ached  payloads o r  
o t h e r  s p a c e c r a f t  no t  l oca t ed  i n  the Se rv ic ing  F a c i l i t y .  Many a t t ached  
payloads nay be loca ted  some d i s t a n c e  away from the Servicing F a c i l i t y  
on the upper o r  lower truss booms. 
require t h a t  either OSCRS be moved t o  the payload l o c a t i o n  o r  p lumbing  
be routed from the OSCRS s t o r a g e  l o c a t i o n  i n  the Se rv ic ing  F a c i l i t y  t o  
the payload. Use of  the OSCRS a s  the c e n t r a l  supply of  a d i s t r i b u t i o n  
system would simplify the OSCRS opera t ions  because i ts  i n t e r f a c e s  w i t h  
the S t a t i o n  would not  have t o  be mated and demated. 
of  d i s t r i b u t i o n  lines loca ted  i n  the S t a t i o n  truss t o  r o u t e  p r o p e l l a n t  
t o  one o r  more refueling l o c a t i o n s  would involve  complex assembly 
ope ra t ions  and thermal con t ro l  on the l ines t o  prevent freezing. 
Therefore ,  i t  i s  recommended t h a t ,  i f  refueling i s  desired i n  a 
l o c a t i o n  o t h e r  than the Serv ic ing  F a c i l i t y ,  OSCRS be moved t o  t h a t  
l o c a t i o n .  
Resupplying these payloads would 
However, the use 
4.7.2.2 Use of  Mu1 t ip le  Tankers 
Use of  multiple OSCRSs a t  the Space S t a t i o n  was examined t o  determine 
f e a s i b i l i t y  and opera t iona l  scenar ios .  Poss ib l e  uses f o r  mu1 t ip le  
OSCRSs would be t o  inc rease  the storage capacity o f  propellant at the 
S t a t i o n ,  t o  a l low d i f f e r ing  conf igu ra t ions  of  OSCRS f o r  specific 
s e r v i c i n g  miss ions ,  and t o  o f f l o a d  one OSCRS i n t o  ano the r  t o  ensure 
t h a t  only an empty OSCRS returns t o  the ground. 
LAUNCH/RETU RN 
COSTS, $M 
3.50 
3.00 
2.50 
2.00 
1.50 
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0.50 
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RESIDUAL, 'A 
Figwe 4.722-1 Penalty f o r  Returning Partly-Full OSCRS 
*e- 3 -TANK OSCRS 
-0- 4 -TANK OSCRS 
*a. 5- TANK OSCRS 
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Return of. the CSCRS t o  the ground i n  an empty cond i t i on  i s  an 
important consideration. 
unused p rope l l an t  t o  the ground can be severe. Figure 4.7.2.2-1 shows 
the launch/return costs o f  three OSCRS con f igu ra t i ons  as a func t i on  o f  
percent res idual .  
cumulative w i t h  time. 
weight taken up by the p rope l l an t  res idual  takes the place o f  useful  
cargo being returned t o  Earth from the Stat ion.  While these costs  a r e  
d i f f i c u l t  t o  quant i fy ,  they are important considerat ions i n  o f f l o a d i n g  
the OSCRS. 
The penal t i e s  associated w i t h  re tu rn ing  
The costs shown are f o r  a s i n g l e  launch and are 
A f a c t o r  no t  shown i n  the graph i s  t h a t  the 
Use of m u l t i p l e  OSCRSs f o r  o f f l o a d i n g  or f o r  resupply and storage o f  
l a r g e r  quanti  t i e s  o f  p r o p e l l a n t  requi res the  physical  in terconnect ion 
o f  two o r  more OSCRSs. Methods o f  t h i s  in terconnect ion were examined 
t o  determine what hardware changes t o  the S ta t i on  o r  the OSCRS, if 
any, would be required. 
in terconnect ion between two OSCRSs using one o f  the emergency quick 
disconnects on each tanker and a jumper connection. 
Figure 4.7.2.2-2 shows one method o f  
This type o f  
REQUIRES GROUND OPERATIONS FOR MATING/DEMATING 
BACKUP 
PRIME LIQUID OR 
GAS DISCONNECT 
HTR 
JUMPER CONNECTION - 
LIQUID OR 
DISCONNECT 
I 
EMERGENCY 
DISCONNECT 
TRANSFER LINE 
OSCRS A 
TRANSFER LINE 
OSCRS B 
Figure 4.7.2.2-2 OSCRS Interconnection Option 1 
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connection does not  lend i tself  well t o  Station operations because the 
OSCRS could n o t  be moved once the connection has been made. 
interconnection o p t i o n  i s  shown in Figure 4.7.2.2-3. 
half of the quick disconnect i s  placed in the Servicing Facility, and  
the OSCRSs connect w i t h  each end. 
hardware i n  the Servicing Facility b u t  would require no design changes 
t o  the OSCRS. 
from each other using the same procedure for spacecraft-to-OSCRS 
connections and would be applicable t o  b o t h  automated and manual 
umbi 1 i cal s . 
Another 
The spacecraft 
This method requires additional 
This would allow the OSCRSs t o  be mated and demated 
PROVIDE ADDITIONAL PLUMBING AS PART OF SERVICING FACILITY 
SERVICING FACILITY HMI 
HALF OF Q.D. 
\ 
OSCRS 
#2 
OSCRS 
#1 
I V I 
SERVICING STANDARD SERVICING 
FAClLllY AUT0.Q D FACILITY 
BAY BAY 
ALLOWS OSCRS TO BE INTERCONNECTED ON-ORBIT WITH NO DESIGN 
CHANGES 
APPLICABLE TO AUTO OR MANUAL UMBILICALS 
Figure 4.72.2-3 OSCRS Interconnection--Option 2 
The use o f  multiple OSCRSs, i f  a firm requirement, could make pump 
transfer a more attractive system than pressure transfer. 
Interconnection of two o r  more OSCRSs using pressure transfer would 
require venting of the pressurant gases i n  one o r  more of the OSCRSs 
t o  faci l i ta te  transfer from one t o  the other. Pump transfer, however, 
would allow this operation t o  occur without the need t o  vent or use 
pressurant. Another concern w i t h  the use of multiple OSCRSs i s  the 
requirement for two-way flow t o  occur. In the basic OSCRS f l u i d  
subsystem, this would mean backflowing the f i l t e r s  in the propellant 
transfer line, which i s  not  desirable. The a d d i t i o n  o f  a bypass leg 
w i t h  check valves would be needed t o  avoid  this problem. 
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Use o f  m u l t i p l e  tankers a t  Space S ta t i on  requi res t h a t  the av ion ics of 
one OSCRS have the c a p a b i l i t y  t o  i n t e r f a c e  t o  the av ion ics o f  another 
OSCRS. There are several ways t o  conf igure two o r  more CSCRSs, l i s t e d  
bel ow: 
1 )  Master/Slave 
2 )  OSCRSs working simultaneously 
3 1 OSCRSs working i ndependentl y. 
In the Master/Slave con f igu ra t i on  (11, one OSCRS w i l l  be conf igured as 
a master u n i t  and the o the r (s )  as s lave u n i t l s ) ,  each assigned a 
unique address and c o n t r o l l e d  by the Space S t a t i o n  computers. 
master OSCRS w i l l  be the l i n k  t o  Space Stat ion.  A l l  commands ( s e r i a l  
o r  d i sc re tes )  w i l l  be sent t o  the master u n i t ,  then routed t o  the 
slaves. The handl ing o f  data w i l l  be performed by the master u n i t .  
Slave data w i l l  be i n te r l eaved  w i t h  t h a t  o f  the master u n i t ,  then 
passed on t o  Space Stat ion.  
the master/sl  ave conf igurat ion.  
The 
Figure 4.7.2.2-4 shows a block diagram of 
Cmd 
Processor ., Interleave/ 
Dei n t er 1 eave 
Master 
Processor 
* S(1) Cmd 
Data 
Serial Link 
Deinterleave %md Data 
%ace 
St i t ion  I rA7 Majority Vote 
Data Acquisition L 
I 
Power Oist Unit Power 
T I 
Power Dist Unit 
,Cmd/Data 
to S(n) 
Figure 4 -7.22 -4 Space Starion Based--0SCRS MasterlSlave Conjiguration 
The impacts on the av ion ics w i l l  e f f e c t  both hardware and software. 
Below i s  a l i s t i n g  o f  the impacts: 
- An ex t ra  s e r i a l  channel w i l l  be requi red i n  each OSCRS f o r  
- Added c a p a b i l i t y  t o  i n t e r f a c e  slave data - Extra cab l i ng  and umb i l i ca l s  f o r  in terconnect ion 
c omnu n i  ca t i  on. 
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- Extra auto-umbi 1 ical drivers - More interfaces t o  t es t  bo th  on the ground and a t  Space S t a t i o n  - Extra software t o  handle conand recognition and routing - Greater software requirement on Space S t a t i o n  t o  deinterleave and 
In the simultaneous conf igura t ion  ( 2 ) ,  each OSCRS w i l l  be up and  
operational as i n  the master/slave configuration. 
electrically operat ing independently of the other, having i t s  own 
unique electrical 1 i n k  to Space Station, receiving comnands, and 
providing data. 
simultaneous interfaces. 
d i  spl ay da ta .  
Each OSCRS will  be 
Figure 4.7.2.2-5 shows a block diagram of the 
Discrete status 
1 
Figure 4.7.2.2-5 Space Station Based--0SCRS Simultaneous Configuration 
The impacts on the avionics will affect b o t h  hardware and software. 
Below i s  a l is t ing of the impacts: 
- Extra umbilicals to interface OSCRS t o  Space Statio'n - Impact on Space S t a t i o n  t o  provide the extra interface 
- More interfaces t o  t e s t  a t  Space Station - Each OSCRS will have different command address - Greater software requirement on Space S t a t i o n .  
capability of enough serial channels and discretes t o  handle 
a l J  OSCRS u n i t s  and redundancy requirements 
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The l a s t  con f i gu ra t i on  (3) requi res the l e a s t  change t o  the o v e r a l l  
system. Each OSCRS w i l l  be unique t o  i t s e l f  as i n  Conf igurat ion 2. 
The only  d i f f e rence  i s  t h a t  only one OSCRS w i l l  be operat ional  a t  a 
t ime when r e f u e l i n g  a s a t e l l i t e .  Each OSCRS w i l l  be conf igured the 
same i n  hardware and software. 
av ion ics more complex and more c o s t l y .  
av ion ics block diagram. 
This con f igu ra t i on  avoids making the 
Figure 4.7.2.2-6 shows an 
Discrete Power Cmds 
I I 
Serial Link 
Space 
Station 
4 OSCRS-B 
I Telemetry I 
Figure 4.72 2-6 Space Station Based-OSCRS Independent Configuration 
For o f f l o a d i n g  one OSCRS t o  another OSCRS, Conf igurat ion 3 would be 
the best choice. With each OSCRS being t o t a l l y  the same, one OSCRS 
could be based and c o n t r o l l e d  a t  the Service F a c i l i t y  wh i l e  the o the r  
OSCRS was in te r faced  and c o n t r o l l e d  by one o f  the manipulat ing arms i n  
o r  around the Service F a c i l i t y .  There i s  no hardware impact, and only 
minor software modi f icat ions w i l l  be necessary. Figure 4.7.2.2-7 
shows an o f f l o a d i n g  block diagram. 
Working w i t h  m u l t i p l e  OSCRSs w i t h i n  the s h u t t l e  cargo bay would best  
be performed with Conf igurat ion 3. 
i n t e r f a c e  t o  the s h u t t l e  i n  a stand-alone mode. As w i t h  Space 
Stat ion,  only one OSCRS would be used a t  a time, with the s a t e l l i t e  
being moved t o  another OSCRS t o  complete re fue l i ng .  
The av ion ics i s  conf igured t o  
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space 
Station 
Service 
Facility 
Figure 4.7.22-7 Space Station Based-OSCRS Ofloading Tankers 
4.0 METEORCID AND SPACE CEBRIS PROTECTION 
4.8.1 Design Requirements 
The Space S ta t i on  i s  being designed t o  have a longer o r b i t a l  l i f e  than 
any previous space hardware (30 years).  
a t t e n t i o n  has been pa id  t o  the long-term hazards present on-orb i t ,  
espec ia l l y  t h a t  posed by meteoroid and space debr is  impact. 
Space S t a t i o n  elements and hardware based on the S ta t i on  are 
p a r t i c u l a r l y  vu1 nerable t o  damage from meteoroids and debr is.  
P rope l l an t  and pressurant tanks, such as those on OSCRS, could 
c a t a s t r o p h i c a l l y  f a i l  i f  s t ruck by a p a r t i c l e  o f  s u f f i c i e n t  s ize.  The 
resul  ti ng fragments and propel 1 a n t  s p i l l  woul d pose a p o t e n t i a l  l y  1 i f e  
threatening s i t u a t i o n  i f  n o t  contained. 
several requirements addressing the hazard posed by debr i  s and 
meteoroids. 
Therefore, p a r t i c u l a r  
Several 
The Space S ta t i on  PDRD has 
Spec i f i ca l l y ,  Appendix A o f  the PDRD presents the d e t a i l e d  
requirements f o r  meteoroid and debr is  p ro tec t i on  f o r  the Space S t a t i o n  
program elements, i n c l u d i n g  in format ion on the expected f l u x  o f  
meteoroids and debr is  and an t i c ipa ted  sizes a t  the S ta t i on  o r b i t a l  
a l t i t u d e ,  as shown i n  Figure 4.8.1 -1. The average mass densi ty  f o r  
meteoroids i s  0.5 g/cm3, and the average p a r t i c l e  v e l o c i t y  i s  20 
k i lometers per second. The meteoroid environment i s  omnidirect ional  
r e l a t i v e  t o  the Earth, b u t  f o r  an o r b i t i n g  spacecraft,  most meteoroids 
come from the d i r e c t i o n  of motion. The average impact v e l o c i t y  f o r  
space debr is  i s  10 k i lometers per seconds w i t h  the debr is  p a r t i c l e s  
having an average densi ty  s i m i l a r  t o  t h a t  o f  aluminum (2.89 gm/Cm3). 
A summary o f  the meteoroid and debr is  data presented i n  Appendix A i s  
given i n  Table 4.8.1-1. 
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Table 4.8.1 -I Meteoroid and Space Debris Protecnon Requirements 
IMPACT VELOCITY 
I DENSITY 
ORIGIN 
AVERAGE SPACE 
DEBRIS PARTICLE 
10 knrlsec 
Range 0 to 16 km/sec 
2.8 g/cm3 
for particles 1 .O cm 
(about the same as AI) 
From 1 .O mm to 1 .O cm in dia 
Nominal particle 9.0 mm 
(can range from microscopic 
to spacecraft size) 
Man-made satellites, 
oxide pieces from rocket fuel, 
exploded boosters, 
antisatellite testing 
AVERAGE METEOROID 
PARTICLE 
20 kWsec 
Range 16 to 72 km/sec 
3 
0.5 glcm 
The more numerous cometary 
meteroids may be considered 
as loosely packed ice. 
< 1.0 cm 
Flux drops off rapidly 
with increasing mass. 
Natural Origin 
Comets or Asteroids 
Paragraph 2.1.3.1.1 i n  the PDRD gives the design c r i t e r i a  f o r  deal i n g  
wi th meteoroids and debris. 
p la t fo rm (a category which would inc lude CSCRS) the design requirement 
i s  f o r  a 0.99865% p r o b a b i l i t y  t h a t  exposure t o  the meteoroid and 
debr is  environment summarized i n  Table 4.8.1-1 w i l l  no t  endanger the 
crew o r  Space S ta t i on  s u r v i v a b i l i t y  whenever these hardware elements 
are w i t h i n  the v i c i n i t y  o f  the Stat ion.  
For attached pay1 oads, sate1 1 i tes, and 
4.8.2 Analysis 
Based on the above c r i t e r i a  and requirements, an analys is  was 
performed t o  determine the thickness o f  the debr is  p r o t e c t i o n  fo r  
OSCRS. The determinat ion o f  the required thickness f o r  debr is  
p ro tec t i on  must depend on analysis.  As shown i n  Figure 4.8.2-1, more 
than 70% o f  the impact v e l o c i t y  cases are beyond the c a p a b i J i t i e s  o f  
ground-based t e s t  equipment and must therefore depend on analysis.  
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Given the probability requirement, the effective surface area Of 
OSCRS, and the on-orb i t  lifetime, a cri t ical  flux can be calculated. 
For OSCRS, this f l u x  corresponds t o  a particle diameter of 0.3 inches, 
meaning t h a t  the protection system will satisfy the requirements i f  i t  
can stop a particle this diameter or smaller. Using aluminum for a 
bumper material, a thickness between 0.03 inches and 0.075 inches 
woul d be requi red. 
4.8.3 Conceotual Desfan 
Meteoroid and debris protection consists o f  a multilayered protection 
system designed t o  stop particles of a given size range from reaching 
crit ical  hardware. A general schematic showing i n  impact process and 
how the protection system functions i s  shown i n  Figure 4.8.3-1. 
bumper material, the outer wall of the layered protection system, 
fragments and/or vaporizes the particle upon impact. 
shield further reduces the fragment velocity, allowing the rear wall 
t o  absorb fragments. 
OSCRS, two cases were examined: 
located inside the Servicing Facility. 
configuring the debris protection was t h a t  i t  would be l e f t  on the 
S ta t ion  and not incorporated i n t o  the OSCRS structure t o  save weight. 
Figure 4.8.3-2 shows t h e  concept f o r  protection o f  OSCRS while 
The 
The intermediate 
In configuring meteoroid and debris shields for 
OSCRS attached t o  the truss and  OSCRS 
An assumption made in 
Space Station 
Truss Structure 
/ Hinged Debris 
L 
A 
Bumper 
Direction of Flight 
Figure 4.8.3-2 MeteoroidlDebris Protection at Space Station 
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attached t o  the S ta t i on  t russ.  The p r o t e c t i o n  system i s  o r i en ted  
toward the d i r e c t i o n  o f  f l i g h t  w i t h  the OSCRS being protected on three 
sides. The OSCRS ,would be located on the t russ  such t h a t  i t s  s ide 
would be fac ing  the d i r e c t i o n  o f  f l i g h t  t o  minimize the e f f e c t i v e  
surface area. 
t o  the OSCRS f o r  removal and placement by the S ta t i on  manipulator 
arm. 
F a c i l i t y  i s  shown i n  Figure 4.8.3-3. 
conf igured s i m i l a r  t o  the truss-mounted concept w i t h  p r o t e c t i o n  being 
provided on three sides o f  the OSCRS i n  r e l a t i o n  t o  the d i r e c t i o n  of 
f l i g h t .  
r e t r a c t a b l e  beta cloth-covered door t h a t  i s  p a r t  o f  the Serv ic ing 
F a c i l i t y  bays. 
The bumper panels would be hinged t o  a l l ow  easy access 
A concept f o r  p r o t e c t i o n  o f  OSCRS wh i le  i n s i d e  the Servic ing 
The p r o t e c t i o n  would be 
Access t o  the OSCRS would s t i l l  be provided by the 
Figure 4.83-3 Meteoroid Protection at the Space Station Customer Service Facility 
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Another design requirement relating t o  debris protection i s  the 
requirement t o  shield potentially explosive containers such t h a t  their 
failure will not propagate t o  other nearby containers or endanger 
other S t a t i o n  elements such as the pressurized modules ( J S C  3000, 
Sec 3, Rev D ,  Para 2.1.11.2.4.1) .  
shielding must be provided around each t a n k  t o  contain fragments 
caused by tank failure. However, this would, i n  the case of OSCRS or 
any other f l u i d  carrier being transported from the ground t o  the 
S t a t i o n  on a regular basis, mean a subs tan t ia l  increase i n  the up/down 
weight of the system. In order t o  satisfy this requirement, the 
possible failure modes of such containers and the p r o b a b i l i t y  of each 
failure mode must be evaluated. 
protection is  provided, then a pressurized vessel could explode if  the 
internal pressure were t o  exceed the burst pressure o r  i f  a material 
f l aw were undetected and caused the failure. The overpressure failure 
mode could be guarded against by p r o v i d i n g  two-fault-tolerant 
mechanical relief systems (such as burst disks and relief valves). 
Failure caused by material defect will be guarded a g a i n s t  by designing 
a l l  tanks f o r  leak before burst cr i ter ia ,  meaning t h a t  the tank wil l  
rupture i f  overpressurized w i t h o u t  catastrophically f a i l i n g  and  
producing fragments. 
requirements l isted i n  the S t a t i o n  PDRD. Therefore, i t  i s  f e l t  t h a t  
the requirement t o  prevent failure propagation of tanks on the O S C R S  
could be satisfied by the above means w i t h o u t  providing shielding 
around each propellant and pressurant t a n k ,  which would incur a large 
weight penal t y  . 
T h i s  requirement could imply t h a t  
Assuming that adequate debris 
Both of the above design solutions are 
4.9 INTERFACE ISSUES 
Several issues relating t o  OSCRS interfaces w i t h  the Space S t a t i o n  
were identified. In the f l u i d  subsystem area, an area of concern i s  
standardization of the f l u i d  connectors between the OSCRS, Space 
S t a t i o n ,  and  the spacecraft t o  be refueled. Accommodation of a wide 
range of connectors makes the interfaces compl icated and diff icul t  t o  
physically attach w i t h o u t  several connector mat ing  mechani sms. An 
a d d i t i o n a l  f l u i d  interface concern i s  the interface w i t h  the S t a t i o n  
Waste F l u i d  Vanagement System a r i s i n g  from the no-vent restriction 
w i t h  the Servicing F a c i l i t y  and the S t a t i o n  i n  general. 
defined, the S t a t i o n  waste systems send various waste gases i n t o  a 
common line. 
amount of hydrazine vapor, i n t o  a common waste gas l ine could create a 
safety hazard i f  not carefully controlled and monitored. 
Addi t iona l ly ,  the waste gas will be compressed f o r  storage f o r  
disposal a t  14-day intervals. Compression and subsequent heating of 
the OSCRS waste gas would not be desirable because of the possibil i t y  
of heating the propellant vapor excessively. 
As currently 
Sending the CSCRS waste gas, which would contain some 
Interface concerns i n  the structural/mechanical area are associated 
w i t h  the large number of mechanisms t h a t  are called o u t  f o r  possible 
use a t  the S t a t i o n .  Again, accommodation of a l l  the possible 
mechanisms would be diff icul t  and would add cost. 
mechanisms between the OSCRS, Shuttle, Space S t a t i o n ,  OKV, a n d  
spacecraft should occur t o  narrow the range t h a t  OSCRS must 
accommodate. 
S t a n d a r d i z a t i o n  o f  
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The only  i n te r faces  t o  the Space S ta t i on  t h a t  are o f  concern i n  the 
av ion ics area are the MSC and SFM. The MSC does n o t  prov ide 28 Vdc 
power, on ly  208 Vac 400 Hz; and GSFC does no t  have OSCRS i n t e r f a c i n g  t o  
the MSC. GSFC basel ine has 0SCR.C being moved from NSTS t o  Space 
S ta t i on  w i t h  the SFN b u t  does n o t  inc lude any e l e c t r i c a l  in te r face .  If 
OSCRS i s  ever requi red t o  i n te r face  t o  the MSC o r  SFM, there must be 
two-faul t - t o l e r a n t  power and telemetry f o r  sa fe ty  moni tor ing and 
two- fau l t - to le ran t  commands i f  f l u i d  resupply i s  t o  take place from the 
MSC or SFM. 
4-38 
5.1 OMV INTERFACES 
The OMV i s  planned t o  p lay a major r o l e  i n  f u t u r e  operations i n v o l v i n g  
both the Shu t t l e  and the Space Stat ion,  It w i l l  be used p r i m a r i l y  f o r  
the t ranspor t  o f  spacecraf t  and equipment t o  and f r o m  the Shu t t l e  and 
S ta t i on  f o r  deployment, resupply, and repa i r .  The basel ine TRW design 
i s  shown i n  Figure 5.1-1 and consis ts  o f  two separable modules, the 
Propul s ion  Module and a Short  Range Vehicle (SRV) . 
Module has a sel f -contai  ned b i  propel 1 a n t  propul s ion  system t h a t  can be 
attached t o  the SRV when requi red and i s  designed t o  be resuppl ied by 
on -o rb i t  changeout r a t h e r  than by f l u i d  t rans fe r .  
propuls ion systems: 
system. The co ld  gas system i s  used where contamination from t h r u s t e r  
exhaust plumes i s  a concern, such as around the Space Stat ion.  
the propuls ion systems on the SRV are designed f o r  on -o rb i t  re fue l i ng .  
The Propul s ion  
The SRV contains two 
a hydrazine system and a co ld  gas n i t rogen 
Both 
Possible uses o f  the OMV w i t h  OSCRS inc lude t ranspor t  t o  the Space 
S ta t i on  o f  the OSCRS f r o m  the Shu t t l e  o r  ELV parking o r b i t  and 
t ranspor t  t o  a spacecraf t  f o r  i n - s i  t u  r e f u e l  i ng operations. 
Add i t i ona l l y ,  the OMV i t s e l f  could be re fue led  w i t h  hydrazine and 
n i t rogen  from the OSCRS e i t h e r  i n  the Shu t t l e  bay o r  a t  the Space 
Station. The in te r faces  between the OSCRS and the OMV were 
i nves t i ga ted  t o  i d e n t i f y  p o t e n t i a l  problem areas and t o  def ine 
requirements f o r  these fu tu re  operations. 
documents, References 2 through 4, were the primary source o f  
in format ion f o r  t h i s  review. 
examined: f l u i d ,  f o r  r e f u e l i n g  o f  the OMV by the OSCRS; 
structural/mechanical,  f o r  attachment o f  the OSCRS t o  OMV f o r  
t ranspor t ;  and avionics,  f o r  monitor ing and power purposes. Each of 
these i n t e r f a c e  categor ies i s  discussed i n  the f o l l  owing paragraphs. 
The OMV pre l iminary design 
Three major categor ies o f  i n te r faces  were 
5.1.1 F l u i d  In ter faces 
F l u i d  i n te r faces  between the OSCRS and the OMV would e x i s t  on ly  when 
the OSCRS was being used t o  re fue l  the OMV SRV propuls ion systems. For 
cases where the OMV i s  t ranspor t ing  the OSCRS, no f l u i d  i n t e r f a c e s  
would be required o r  desired. 
hydrazine coupl i n g  a t  400 ps ia  and a co ld  gas n i t rogen coupl i ng a t  3600 
psia. These in te r faces  are compatible w i t h  the basic OSCRS design and 
would no t  have an impact provided a compatible r e f u e l i n g  mechanism i s  
used. The OMV design documents l i s t e d  the hydrazine coupl ing as  a 
F a i r c h i l d  coupl ing used on the Voyager spacecraf t  and the n i t rogen  
coupl ing as a Symnetrics MMU coupling. 
The in te r faces  would c o n s i s t  of a 
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Figure 5.1-1 OMV Configuration (TR W Drawing) 
5.1.2 S t r u c t u r a l  /Mechanical I n t e r f a c e s  
There a r e  three types  of OMV/payload s t ruc tura l /mechanica l  i n t e r f a c e s  
a p p l i c a b l e  t o  OSCRS t h a t  have been proposed by TRW a s  shown i n  
Figure 5.1.2-1. 
r i n g s  of b o l t  ho les  i n  the f r o n t  f a c e  o f  the SRV a r e  provided. 
r i n g  i s  135 inches  i n  diameter  and uses e i g h t  b o l t s  t o  s a t i s f y  the load  
requirement of  a 10 ,000-f t - lb  c a n t i l e v e r e d  payload and a 13 ,000- f t - lb  
payload i f  the OMV propuls ion module i s  a t t ached  t o  the SRV. The 
second r i n g  i s  65 inches i n  diameter  and has f o u r  b o l t  ho le s  b u t  i s  not  
designed t o  suppor t  a c a n t i l e v e r e d  payload dur ing  launch. The second 
type  of i n t e r f a c e  provided by the SRV would al low a payload t o  be 
c a r r i e d  i n  the l o c a t i o n  usua l ly  occupied by the propuls ion  module; 
however, this volume i s  geometr ica l ly  cons t r a ined  such t h a t  i t  would be 
For a t tachment  of payload d i r e c t l y  t o  the OMV, two 
One 
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5.1.3 
impractical for  CSCRS w i t h o u t  significant reconfiguration. The third 
type of interface involves the use of several types of mechanical 
docking systems mounted on the centerline o f  the front face of the 
SRV. 
Grapple Docking Mechani sm ( RGDM) , which interfaces with a s tandard 
grapple fixture, a n d  the Three P o i n t  Oocking Mechanism (TPDM). 
The RGDM can be extended 27.5 inches and retracted into the face of the 
SRV by a three-screw mechanism. 
Consists of a structural r i n g  interface w i t h  three FSS latches for 
docking equipped w i t h  FSS-compatible f i t t i n g s  on a 72-in.-diameter 
circle. 
electrical umbilical. The impacts t o  OSCRS of interfacing w i t h  th i s  
Set of mechanisms will be discussed i n  Section 5.2.2.1. 
These include a modified SPAR RMS end effector called the RMS 
The TPDM, shown i n  Figure 5.1.2-2, 
Both docking mechanisms have television, l ights ,  and a payload 
Avionics Interfaces 
OMV will provide an interface t o  i t s  data  system f o r  payloads to 
receive commands and send data  t o  the ground control s t a t ion .  The 
payload interface t o  the Multiplexed Data Bus ( M D B )  i s  v i a  an RIU, 
which the payload must provide on the payload side of the interface. 
The OMV provides one-fault-tolerant power t o  payloads with 5 kWh of 
28-Vdc power a s  standard (1-kW peak) and has an opt iona l  battery pack 
k i t  t h a t  can p rov ide  56.3 kWh a t  1.8-kW peak. 
5.2 OMV OPERATIONS 
5.2.1 OMV Refueling using OSCRS 
The current OMV design consists of two separate propulsion modules, a 
replaceable bipropellant module and an  SRV conta in ing  a hydrazine and 
cold gas nitrogen propulsion system. The SRV i s  designed t o  have i t s  
hydrazine and cold gas ni t rogen propul sion systems refueled on-orbi t. 
There are four RCS modules located on the quadrants of the vehicle, and  
each contains a hydrazine storage t a n k  using a diaphragm f o r  propellant 
expulsion and a cold gas nitrogen storage tank. The hydrazine tanks 
are manifolded together t o  fac i l i t a te  on-orbi t  refueling as shown in 
Figure 5.2.1-1. A single refueling coupling, a Faircliild Voyager quick 
disconnect, allows ref i l l ing of a l l  four t anks  v i a  the RCS manifold. 
The cold gas nitrogen system, however, has a separate quick disconnect 
(made by Symmetrics and used on the Manned Maneuvering U n i t )  f o r  each 
module, requiring f o u r  rnate/dernate operations t o  recharge a l l  f o u r  N2 
tanks.  The layout  of each RCS module i s  shown i n  Figure 5.2.1-2 taken 
from Reference 3. 
400-psia storage pressure a t  the s tar t  of blowdown. 
130 lb  w i t h  a 3600-psia operat ing pressure. 
The total quantity o f  hydrazine i s  1020 lb  a t  
The F!2 q u a n t i t y  i s  
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Figure 5.2.1-1 OMV RCS Schematics 
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/ I  Figure 5.2.1-2 OMV RCS Layout 
As c u r r e n t l y  designed, the OMV i s  not  compatible w i t h  the basic OSCRS 
because i t  does no t  use the F a i r c h i l d  EVA disconnect as does the Gama 
Ray Observatory. The p rope l l an t  and gas coupl ings on the SRV are no t  
located together t o  a l l ow  a s i n g l e  mate/demate operation. 
operations would be required, one p rope l l an t  and f o u r  gas connections, 
which resul  t i n  compl i c a t e d  operations. Nei ther the propel 1 a n t  
coupl ing nor the gas couplings are located on the f r o n t  o f  the SRV, 
which makes adaptat ion t o  automatic r e f u e l  i ng d i f f i c u l t  w i thou t  
redesign. 
operations, the fo l l ow ing  changes t o  the OMV Short  Range Vehicle are 
recommended : 
Five such 
To simp1 i fy the OSCRS/OMV i n t e r f a c e s  and r e f u e l  i ng 
1. Manifold the n i t rogen  c o l d  gas propuls ion system t o  reduce the 
number o f  connectors f r o m  fou r  t o  one. 
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2. Locate hydrazine, n i t rogen,  and e l e c t r i c a l  connectors i n  one 
l o c a t i o n  where they would be accessible by an umbi l i ca l  mat ing 
mechanism. 
3 .  Scar the SRV t o  provide umbi l i ca l  mat ing on the f r o n t  face t o  
f a c i l i t a t e  re fue l i ng  us ing an automatic connector. 
5.2.2 OMV/OSCRS I n te r face  Impacts 
5.2.2.1 S t ruc tu ra l  /Mechanical I n te r face  Impacts 
The s t r u c t u r a l  and mechanical i n te r faces  provided by the OMV w i l l  
requ i re  design changes t o  the basic OSCRS. 
the OSCRS attached t o  the OMV, then the 135-in.-diameter b o l t  
i n t e r f a c e  must be used. This in te r face  i s  shown superimposed on the 
basic OSCRS i n  F igure 5.2.2.1-1 and on the modular OSCRS i n  F igure 
5.2.2.1-2. For e i t h e r  a basic o r  nodular monopropellant OSCRS, the Cg 
would be loca ted  1.5 f e e t  from the OSCRS/CMV i n t e r f a c e  plane. The 
maximum load  t h a t  could be accommodated by the OMV i n t e r f a c e  w i t h  t h i s  
con f igu ra t i on  i s  6,667 l b ,  meaning t h a t  the OSCRS would be l i m i t e d  t o  
a three- o r  four- tank conf igurat ion.  
attachment would have t o  be made on-orb i t  e i t h e r  i n  the Shu t t l e  
I f  i t  i s  des i red t o  launch 
For a heavier  OSCRS, the  OMV 
OMV 
\ U 
L- 135-india &Bolt Circle 
Figure 5.2 2.I -I Basic OSCRS-OW Intersace 
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Payload bay o r  a t  the Space S ta t i on  w i t h  the payload accommodations 
equipment suppl ied by the OMV and mat ing hardware suppl ied by the 
OSCRS. 
t o  be bo1 t e d  t o  o r  b u i l t  t o  the OSCRS s t ruc ture ,  and an in te r face  
adapter would be requi red t o  t rans fe r  the loads from the e i g h t - b o l t  
pa t te rn  t o  the node o r  tie-down po in ts  on the OSCRS. 
F i t t i n g s  f o r  tens ion b o l t  and shear p i n  attachment would have 
OMV 
Figure 522.1 -2 Modular OSCRS-OW Inte@ace 
The RGDM can be used t o  mechanical ly a t tach  the OSCRS t o  the CMV and 
has the advantage o f  being able t o  accommodate any o f  the  OSCRS 
conf igura t ion  opt ions provided a standard grapple f i x t u r e  i s  attached 
t o  the a f t  s ide o f  the  OSCRS. 
5.2.2.2 Avionics In te r face  Impacts 
The l a t e s t  cos t  est imates f o r  each R I U  i s  $90K-200K, depending on the 
set-up charges, because the RIUs are n o t  c u r r e n t l y  i n  product ion.  To 
avoid each OMV use r ' s  buying and p lac ing  R I U s  on h i s  own hardware, i t  
would seem t o  be more e f f i c i e n t  t o  p u t  the payload R I U s  on OMV even 
though the connector i n t e r f a c e  i s  more complex. The other  op t i on  i s  
t o  have the R I U s  be government furn ished equipment (GFE), b u t  t h i s  
s t i l l  requi res each payload t o  accommodate the RIUs on i t s  hardware. 
The OMV data system contains only  two MDBs; there fore  i t  i s  on ly  
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one-faul t  t o le ran t ,  which does not  meet OSCRS needs. 
OSCRS can p u t  an R I U  on each o f  the MOBS; i f  OSCRS can use only one 
R I U ,  then the i n t e r f a c e  i s  ze ro - fau l t  t o le ran t .  The s e r i a l  d i g i t a l  
command and data streams i n t o  and out  o f  the R I U  a r e  no t  a standard 
format such as RS422 o r  1553 and w i l l  r equ i re  OSCRS t o  provide s e r i a l  
channels t h a t  meet the required format. 
adding a card t o  each Southwest Research Computer on OSCRS. 
This assumes 
This could be accomplished by 
The OMV documentation does no t  show any comnand o r  data storage 
device, such as a tape recorder; therefore a l l  commands and telemetry 
must be accomplished i n  r e a l  time. 
There i s  a problem w i t h  the amount o f  power redundancy provided by CMV 
t o  the payload. 
OMV/OSCRS data system and power i n te r face .  
Figure 5.2.2.2-1 shows a block diagram o f  the 
I I 
I 1 
I 
VIDEO 
UNIT 
COMPRESSION 4 
I 
Figure 5.2 2.2 -I OSCRS-to-OMV Avionics Inteq5aces 
The OMV should no t  be requi red t o  prov ide the capabi l  i ty  o f  running 
any special  software f o r  OSCRS, because the OMV should be only  a r e l a y  
s t a t i o n  f o r  commands and telemetry. OMV w i l l  be p u t t i n g  commands i n t o  
OSCRS and rece iv ing  data from OSCRS e s s e n t i a l l y  the same as NSTS, 
except t h a t  the OSCRS AFD equipment i s  needed t o  provide an operator 
i n t e r f a c e  and w i l l  no t  be required f o r  OMV missions. 
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The ob jec t i ve  o f  t h i s  p a r t  o f  the study was t o  develop a more in-depth 
understanding o f  automatic r e f u e l i n g  a t  the Space Stat ion,  f r o m  the 
STS, and remote operations f r o m  the OMV and t o  provide recommendations 
f o r  f u t u r e  work. 
Automatic r e f u e l i n g  o f  a spacecraf t  from OSCRS invo lves a sequence o f  
complex funct ions i n v o l v i n g  docking, berthing, umb i l i ca l  mating, 
p rope l l an t  t ransfer ,  and release. Docking a t  the STS o r b i t e r  i s  
accomplished by the o r b i t e r  RMS. Docking a t  the Space S ta t i on  w i l l  
most l i k e l y  be performed by the Space S t a t i o n  RMS o r  the SBM. For 
i n - s i t u  re fue l i ng ,  e i t h e r  f r o m  the OMV o r  the CTV, a docking device 
must be attached t o  the OSCRS s t ructure.  A t  a l l  locat ions,  a mechanism 
on OSCRS w i l l  be required t o  at tach the s a t e l l i t e  t o  OSCRS and ho ld  i t  
i n  place so t h a t  umb i l i ca l s  can be mated. This can be accomplished 
w i t h  a standard be r th ing  mechanism, such as the FSS latches, w i t h  a 
modi f ied end e f f e c t o r  design o r  w i t h  a device which incorporates 
be r th ing  w i t h  umb i l i ca l  mating. For i n - s i t u  r e f u e l i n g  i t  could be the 
same mechanism used f o r  docking. Once the s a t e l l i t e  i s  attached, an 
automated mechanism i s  requi red t o  mate umb i l i ca l s  t o  enable r e f u e l i n g  
and t o  demate these umb i l i ca l s  t o  re lease the s a t e l l i t e  a f t e r  r e f u e l i n g  
and safing. For t h i s  repor t ,  t h i s  device, which mates and demates 
umbi l ica ls ,  w i l l  be gener i ca l l y  re fe red  t o  as an automated umb i l i ca l  
mechanism (AUM). Two e x i s t i n g  AUMs w i l l  be examined i n  Section 6.2. 
I n  f u t u r e  spacecraft,  i t  may be des i rab le t o  have a s ing le  combined 
mechanism f o r  docking and umb i l i ca l  mating because both mechanisms have 
common functions. However, there may be spacecraf t  t h a t  have hardware 
t o  enable attachment o f  separate docking mechanisms, such as the FSS 
latches, the PRLA, o r  modified RMS end e f fec to rs ,  which may a lso 
requ i re  automatic re fue l  ing.  Therefore, we must consider separate AUFh 
f o r  these appl icat ions.  Automatic r e f u e l i n g  w i l l  r equ i re  s p e c i f i c  
d e f i n i t i o n  and standardizat ion o f  i n te r faces  i n  order t o  keep the 
mechanisms as simple as possible. 
This r e p o r t  w i l l  def ine requirements f o r  automated OSCPS-to-satell i t e  
r e f u e l i n g  f r o m  the Orb i te r  bay, a t  the Space Stat ion,  and i n - s i t u ;  
study mechanisms now ava i l ab le  and compare them t o  these requirements; 
and make recommendations about how t o  proceed w i t h  mechani sm 
development. The development of requi  rements i s  an i t e r a t i v e  process , 
p a r t i c u l a r l y  i n  pre l iminary design. 
developed, requirement a l l o c a t i o n s  should be challenged. 
As the p re l im ina ry  design i s  
Our approach t o  t h i s  study i s  as fo l lows: 
1 ) Define requirements, desired features, and assumptions; 
2 )  Define design d r i v e r s ;  
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3) 
4 )  
Study e x i s t i n g  prototype mechanisms and decipe the changes 
necessary t o  meet the requirements; 
Recomend an approach f o r  the development o f  automatic r e f u e l i n g  
which w i l l  meet a l l  the requirements. 
6.1 REQUIREMENTS 
6.1 .l General Desi gn Requirements 
The f i r s t  step i n  the evaluat ion o f  AUMs f o r  use w i t h  OSCRS was a 
d e f i n i t i o n  o f  the requirements. Thi s d e f i n i t i o n  i s dependent on where 
the r e f u e l i n g  operat ion w i l l  take place; however, there are general 
requirements t h a t  w i l l  apply t o  the AUM regardless of where the device 
w i l l  be used w i t h  OSCRS. 
described i n  t h i s  section. 
OSCRS i s  being used ( i .e .  Shut t le ,  Space Stat ion,  o r  O l l V )  w i l l  be 
described i n  subsequent sections. 
The i n t e n t  o f  the requirements development was t o  e s t a b l i s h  a basel ine 
s e t  t h a t  could be used t o  determine general design features o f  an AUV. 
This d e f i n i t i o n  e f f o r t  i s  i t e r a t i v e ,  and the reauirements put  f o r t h  
here are p r e l  iminary i n  nature. 
consider ing the o v e r a l l  system operation, n o t  j u s t  those o f  the NJP. 
Many o f  the requirements, p a r t i c u l a r l y  safety,  can be more e f f i c i e n t l y  
addressed a t  a system l e v e l  r a t h e r  than a component l e v e l .  
Addi t ional  l y  , the requirements were def ined consider i  ng only  a 
r e f u e l i n g  operat ion,  n o t  consider ing a mission where r e f u e l i n g  and 
se rv i c ing  are combined. Missions where i t  i s  des i rab le t o  combine 
re fue l i ng  w i t h  s e r v i c i n g  could r e s u l t  i n  d i f f e r e n t  requirements being 
placed on the design o f  the AUM, p a r t i c u l a r l y  i f  both the docking and 
r e f u e l i n g  funct ions are combined i n t o  a s ing le  mechanism. 
Groundrules were establ ished t o  a i d  i n  the d e r i v a t i o n  of the 
requirements. It was assumed that ,  regardless o f  the l oca t i on ,  an EVA 
astronaut would not  be requi red f o r  any phase o f  a normal OSCRS mission 
i n v o l v i n g  automatic re fue l i ng .  The AUM design would be designed t o  be 
as simple as possible,  and only  i n  a contingency s i t u a t i o n  would any' 
astronaut involvement be required. S i m i l a r l y ,  i t  was assumed t h a t  the 
use o f  a F l i g h t  Telerobot ic  Servicer (FTS) would no t  be requi red dur ing 
normal operations bu t  could be used i n  a contingency t o  take the place 
o f  an EVP astronaut. 
These requirements were i d e n t i f i e d  and a r e  
Requirements s p e c i f i c  t o  the l o c a t i o n  where 
These requi  rements were a1 so devel oped 
General requi  rements were devel oped by r e v i  ewi ng Shu t t l e  , OSCRS , Space 
Stat ion,  and O W  design documents. The r e s u l t s  are presented i n  Table 
6.1.1 -1 along w i t h  the source o f  the requirement. A requirement 
i d e n t i f i e d  was the need f o r  the AUM t o  accommodate up t o  seven 
connectors fo r  a t y p i c a l  r e f u e l i n g  mission on OSCRS. Two gaseous and 
two l i q u i d  connectors would be requi red f o r  s i n g l e - f a u l t  tolerance, and 
three e l e c t r i c a l  connectors would be required t o  provide two-faul t 
tolerance f o r  sa f i ng  the spacecraft system. 
capabil  i t i e s  were der ived based on previous OSCRS experience and 
The connectors ' 
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I 
1 1.1 F!o two c r e d i b l e  f a i l u r e s  s h a l l  r e s u l t  i n  per- I 1 2  
I I sonal i n j u r y ,  l o s s  of l i f e ,  STS, OW, o r  Space I 11 
I I  I 
I I S t a t i o n .  I 
13.2.3(2) I 
12.1 .lO.P.l I 
I 
I 
I 
I 
i 2 .  i Thermal con t ro l  shal l  be a minimum of two- . I  9 13.3.3.1.a I 
I I I f a i l u r e  t o l e r a n t  t o  p r o t e c t  s a f e t y - c r i t i c a l  I I 
I 
I 
I I hardware from c r i t i c a l  temperature limits. I I 
I I Hydrazine temperature  s h a l l  be maintained a t  I 1 
I I +40-+12O"F (+4-+49"C). 1 I I 
I I  I I I 
I 3. I The AUM s h a l l  accommodate up t o  seven I I I 
I I I connec tors ,  three e l e c t r i c a l ,  two gas ,  and two I Derived I 
I I p r o p e l l a n t ,  w i t h  the fol lowing c a p a b i l i t i e s :  I I I 
I I hydrazine a t  500 psi and 2 gal lons-per-minute  I 9 13.3.4.2.itihl 
I I flow r a t e ;  gaseous n i t rogen  a t  500-5000 psi and I I I 
I I 100 lbs-per-hour  f lowra te ;  gaseous helium a t  I I I 
I I 500-5000 psi and 8 l b s  per hour. I I I 
I I  I I I 
I 4.1 The AUM sha l l ,  a s  a design goa l ,  meet the I Derived I I 
I I f o l lowing  envelope t o  permit mounting on either I I I 
I I the f r o n t  face  o r  top  f ace  of CSCRS: 24.0-in. I I I 
I I d iameter  and 30.0-in. l eng th .  I I I 
I I  I I I 
I 5.1 The AUM s h a l l  provide the fo l lowing  connec tor  I Derived I I 
1 I a1 ignment t o l e r a n c e s  during ope ra t ion :  I I I 
I I  Axial ( i n . )  0.1 I I I 
I I  Latera l  ( i n . )  0.1 I I I 
I I  Angular (deg)  + 1.5" 
I I  Rotary (deg )  - T 0.4' 
I I  
I I 
I I 
I I 
I 6.1 The AUV f l i g h t  conf igu ra t ion  sha l l  no t  exceed 1 Cerived I I 
I I 30 l b  (exc luding  connec to r s ) .  I I I 
I I I 
I 7. I The AUM s h a l l  be two-faul t t o l e r a n t  f o r  I 9 13.3.5.1.k I 
I I  
I I providing power, command, and te lemet ry  inter- I I I 
I I f a c e s  t o  the s p a c e c r a f t .  As a m i n i m u m ,  a s ing le1  Cerived I I 
1 I s t r i n g  electrical i n t e r f a c e  connector  s h a l l  I I I 
I I provide 9-10 gauge, 40-16 gauge, and 27-20 gauge1 I I 
I I wires  o r  equ iva len t .  I I I 
I I  I I I 
I I  I I I 
I I  I I I 
I I  I I I 
I 1  I I 1 
I I  I I I 
I 1  I I I 
I I  I I I 
Table 6.1 .l-1 General Requirements f o r  an OSCRS Automated Umbilical Mechanism 
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I Reference I Paragraph  I 
1 Document I Number 1 
I 
Requirement 
ProDell a n t  connectors shall be two-faul +, I 9 13.3.4.1.a I 
tolerant t o  fluid leakage when mated. 
be zero-fault tolerant t o  fluid leakage when 
They may I 
I 
I 
I 
I 
No single failure shall produce loss of OSCRS, I 
or OSCRS mission, OSCRS payload, STS mission, I 
OMV, OMV mission, o r  Space S t a t i o n  mission. I 
I 
Provisions shall be made t o  accommodate I 
sticking connectors d u r i n g  both mat ing  and I 
demating. I 
I 
The AUC shall accommodate OSCRS f l u i d  resupply I 
o f  a sa te l l i t e  from the orbiter payload bay, a t  I 
Space S ta t ion ,  o r  attached t o  the OMV or the O T V l  
for remote servicing and shall I 
specific requirements a t  each of these I 
1 ocat ions.  I 
I 
Interfaces shall be standardized for compat- I 
abil i ty w i t h  the STS, Space S t a t i o n ,  OMV, and  I 
satel l i tes  t o  be refueled. I 
I 
demated i f  the fluid system provides two 
i n h i b i t s  upstream t o  shut off fluid flow. 
meet the 
1 2  
Oeri ved 
Derived 
Derived 
I 
I 
I 
I 
I 
13.2.3(1) 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
The AUM shall place minimum weight volume and I 9 t3.3.2.3. b 
complexity requirements on the spacecraft I I 
connector receptacle assembly. The active side I 1 
of the AUM shall be located on the OSCRS w i t h  I I 
the passive half on the spacecraft. I I 
I I I 
The AUM shall provide EVA override capabil i t y  
by both an astronaut and a robotic servicer. 
I 
I 
I 
The system shall be designed t o  preclude I 
inadvertant or improper connector mating. I 
I 
Contamination protection shall be provided for I 
a l l  umbilicals on both sides of the AUM. This I 
protection shall be rep1 aceable f o r  mu1 ti - I 
mission flights. I 
I 
Sufficient diagnostic instrumentation shall be I 
provided on the OSCRS half of the AUM t o  I 
determine the mode of failure should an on-orbi t1  
f a i  1 ure occur. I 
I 
11 12.1.2.4.3.41 
I I 
I I 
9 13.3.1.l.p I 
13.3.5.1.m I 
I I 
Derived I I 
I I 
I I 
I I 
I I 
10 13.4.14 I 
I I 
I I 
I I 
I I 
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119. I The number o f  pyrotechnic events shall be 
I I minimized and ,  i f  possible, eliminated. Pyro- 
I I technic devices shall be removable or made 
I I inoperable when mission requirements allow. 
1 1  
120.1 The AUM shall be designed so t h a t  forces between 
I 1 i t  and the mating spacecraft are minimized 
I I or eliminated. 
I I  
121. I The AUM shall be designed for a 1 i f e  of 10 years 
I I (approximately 80 mission cycles), w i t h  
I I maintenance. The AUM shall be maintainable 
I I on the ground. 
I I  
10 13.4.2.3 I 
I I 
11 12.1 .11.2.s I 
I 
I 
Cerived I 
I 
I 
I 
I 
I 
I I 
I I 
1 2  13.2 
122. I The AUM shall be designed t o  accommodate I Derived I 
I I  I I 
I I repeated operations during a single mission. I I 
I 
1 
I 
I 
I 
I 
1.1(3) I 
123. I The AUM shall be capable of being mounted on I 
I I either the top  o r  f r o n t  face of OSCRS and be I 
I I easily removable/relocatable t o  optimize OSCRS I 
I I weiaht and envelope. I 
I I  I 
9 
I 
13.3.2.3.b I 
I I 
I I 
I I 
I I 
124.1 The location of the AUM on the OSCRS structure I Derived I 1 
I I shall be compatible w i t h  a l l  ground h a n d l i n g ,  I I I 
I I processing, and transport operation constraints. I I I 
1 1  I I I 
125.1 The AUM shall be modifiable f o r  use i n  a I 9 13.3.4.2.a I 
I I bipropellant system. 
I I  
i i 
I I 
126. I All moving metal parts of the mechanism assembly1 10 13.4.6 I 
I I shall be grounded t o  OSCRS structure t o  I I I 
I I minimize charge buildup i n  space and shock I I I 
I I hazards on the ground. I I I 
I I  I I I 
127 I The AUM shall provide f o r  electrical connector I Derived I I 
I I mating prior t o  f l u i d  connector mating. I I I 
I I  I I I 
128 I The AUM shall accommodate connectors t h a t  mate/ I Derived I I 
I I demate by translation only. 
I I  
I I  I I 
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129. I The AUI l  sha l l  be act ivated/deact ivated by a I Derived I 
I I 28+6 Vdc, TBD Ampere power source. 1 I 
I I I I  
130. I The power suppl ied t o  the AUM sha l l  be fused I Derived I 
I I a t  the source. I I 
I I I I  
131. I The AUM s h a l l  be designed f o r  the fo l l ow ing  I 12 
- 
13.2.7.1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I environments: I I 
I a. Ferry F ? i g h t  (atmospheric) I I 
1. Temperature: With no hydrazine loaded: I I 
Maximum (compartment): 19O"Fl I 
(88°C) f o r  one hour; 150°F I I 
(65°C) f o r  6 hours. I I 
M i  nimum: -65°F ( -54°F) I I 
With hydrazi ne: I I 
Maximum: 122°F (50°F) I I 
Minimum: 40°F (4°C) I 1 
2. Pressure: Maxim m: 15.23 ps ia  (105.1 I I 
I 
(Rate o f  depressur izat ion 0.5 I I 
p s i  /mi n (3.5 k N/m*/mi n 1 ; I 
r a t e  o f  repressur i  a t i o n  2.0 I I 
3. Accelerat ion:  + 2.4 g i n  any d i r e c t i o n  I I 
I I 
4. Random Accelerat ion spectral  densi ty:  1 I 
I 
Constant 0.002 g2/Hz, I I 
from 90 t o  300 Hz I I 
6.0 dB/Oct, f r o m  300 t o  I I 
2000 Hz I I 
(10 hours durat ion i n  each o f  I I 
the three orthogonal axes) I I 
b. Ascent/On-orhi t: I I 
1. Thermal : Per JSC 07700 (Vol X I V ) ,  I I 
Attachment 1 I I 
2. Pressure: Maximum: 15.23 ps ia  (105.1 I I 
( kN/m2 1 I I 
Minimum: 1x1010 t o r r .  1 I 
(1.3xlO-l l  k N / m 2 )  I I 
(Rate o f  depressur izat ion I I 
15.4 psi/min. (106.3 kN/m3); I I 
r a t e  o r  repressur izat ion I I 
kN/m ! ) I I 
psi/min (13.8 ktJ/m I /min)) I I 
Minimum: 8.0 ps ia  (55.2 kN/m2 I 
I 
- 
(maneuveri ng 1 
Vibrat ion:  + 6.0 dB/Oct, f r o m  20 t o  90 Hzl 
I 10.0 psi /min (69 kN/mJ) 1 I 
I 3. Solar As spec i f i ed  i n  JSC 07700 I I 
Radiation: (Vol XIV) I I 
I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I '.  
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
4. Shock Transient V ibrat ion:  Swept I 
s inusoidal  v i b r a t i o n  environment imposed 1 
I 
I 
I 
5. Accelerat ion:  Per JSC 07700, Vol X I V ,  I 
Attachment 1 I 
6. Random: Per JSC 07700, Vol X I V ,  Attch. 1 I 
7. Acoustic V ibrat ion:  Per JSC 07700, I 
Vol X I V ,  Attachment 1 I 
c. Entry and Landing I 
1. Thermal : Per JSC 07700, Vol X I V ,  At tch.  1 I 
2. Pressure: Maximum: 15.23 s i a  (105 k N / d ) l  
Minimum: 1 xlo-1 t o r r  I 
( 1 . 3 ~ 1 0 - ~ 1  kN/m2) I 
3. Accelerat ion:  Per JSC 07700, Vol X I V ,  I 
Attachment 1 I 
4. V ibrat ion:  Per JSC 07700, Vol X I V ,  I 
Attachment 1 I 
5. Crash Safety: Per JSC 07700, Vol X I V ,  I 
Attachment 1 I 
i n  the frequency range from 5-50 Hz 
a t  an acce le ra t ion  amplitude o f  p l u s  
and minus 0.259 peak i n  each axis. 
I I  
133. I 
I I  
I I  
I I  
134. I 
I I  
I I  
I I  
I I  
I I  
135. I 
I 1  
I I  
I I  
I I  
I I  
I I  
I I  
1 1  
I I  
The emergency j e t t i  son capabi l  i ty sha l l  be I 
I 
s a t e l l i t e  w i l l  be j e t t i s o n e d  i n  a f l y a b l e  I 
cond i t ion /conf igura t ion  and w i l l  be able t o  I 
complete i t s  m i  s s i  on. 1 
I 
The TCS heater system w i l l  be con t ro l l ed  by I 
thermostats ra the r  than through the i n s t r u -  I 
menta t i on sy s tem . I 
I 
Spec i f i c  p rope l lan t  c o m p a t i b i l i t y  data sha l l  be I 
requi red on a l l  mater ia ls  used i n  the f l u i d  I 
subsystem unless the mater ia ls  are i s o l a t e d  I 
from the p rope l l an t  by weld seals o r  they are I 
external  t o  the f l u i d .  I 
I 
The AUM design sha l l  e x h i b i t  no external  leakage1 
o f  l i q u i d  p rope l l an t  dur ing  any normal opera- I 
t i o n a l  use o r  as the r e s u l t  o f  exposure t o  I 
ground, storage o r  f l i g h t  environments, whether 1 
operat ing o r  s t a t i c  f o r  the  l i f e  o f  the system. I 
Gas leakage sha l l  no t  exceed 1.4 x SCCS o f  I 
he1 ium f o r  mechanical connections. I 
I 
1 
I 
designed t o  maximize the probabi l  i ty t h a t  the 
1 I 
I I 
I I 
I I 
I 
I 
I 
I 
I I 
I I 
I I 
I I 
I I 
I I 
1 I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
13.3.2.3.d I 
I I 
I I 
I I 
I I 
I I 
I 3.3.3.2.a 1 
I I 
I I 
I I 
I 3.3.4.1.c I 
I I 
I I 
I I 
I I 
I I 
I 3.4.2.5 I 
I I 
I I 
I 1 
I I 
I I 
I I 
I I 
I I 
I I 
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represent a range o f  f lowrates t h a t  would be required. Requirement 4 
def ines a pre l iminary envelope f o r  the AUl4 which would a l l o w  mounting 
on e i t h e r  the top face o r  f r o n t  face o f  the OSCRS. This envelope was 
a r r i v e d  a t  by examining the dimensions o f  prototype umbi l ica l  
mechanisms t h a t  have been designed. Requirement 5 def ines tolerances 
f o r  the AUM f o r  connector mating operations. 
d e f i n i t i o n ,  the c a p a b i l i t i e s  o f  e x i s t i n g  prototype automatic umb i l i ca l  
mechanisms were used as a guidel ine.  
e l e c t r i c a l  connector used i n  the AUM are def ined i n  requirement seven. 
The number and gauge o f  the wires t h a t  must be accommodated were 
a r r i v e d  a t  by est imat ing the number o f  valves and other  components t h a t  
must be c o n t r o l l e d  i n  both the OSCRS and a spacecraft t o  a l l ow  
recon f igu ra t i on  and saf ing.  
mating and demati ng of fl u i  d connectors. 
i s  the c a p a b i l i t y  t o  leak-check disconnects t o  ensure t h a t  a good 
connection e x i s t s  and t h a t  the seal s are i n t a c t .  Addi t ional  l y  , purging 
of the l i q u i d  connector t o  ensure zero s p i l l a g e  upon disconnection i s  
a lso implied. This requirement, i n  general, could be eased i n  the case 
of an AUM where crew involvement i s  not  desired o r  planned o r  where the 
system leakage could be 1 i m i t e d  by an ove ra l l  system approach. Val  V i  ng 
placed c lose t o  the disconnect would l i m i t  the amount o f  p r o p e l l a n t  
s p i l l e d  i f  a seal were t o  be damaged. The AUM could be designed such 
t h a t  the s p i l l e d  volume r e s u l t i n g  f rom a seal f a i l u r e  would be such 
t h a t  i t  would n o t  c o n s t i t u t e  a hazard t o  the spacecraft,  OSCRS, o r  a n  
EVA crew member. 
As w i t h  the envelope 
The requirements f o r  the 
Requirement 8 deals w i t h  leakage dur ing 
Imp1 i c i  t i n t h i  s requi  rement 
Requirement 13 s ta tes  t h a t  the spacecraf t  h a l f  o f  the AUM should be the 
passive h a l f  t o  minimize impacts t o  the spacecraft. The a c t i v e  s ide o f  
the AUM, which would conta in  the d r i v e  mechanisms, e tc ,  would be 
located on the OSCRS. The c a p a b i l i t y  t o  provide ove r r i de  c a p a b i l i t y  by 
an EVA astronaut o r  a r o b o t i c  se rv i ce r  would be f o r  contingency 
operations only. 
i n - s i t u  using the O W ,  e i t h e r  an astronaut o r  a r o b o t i c  se rv i ce r  would 
l i k e l y  be present. 
AUM and the spacecraf t  are minimized dur ing mating. This would requ i re  
t h a t  connector mating/demating loads be reacted through a l a t c h  o r  
latches, e i t h e r  a t  the connectors o r  a t  a separate l a t c h  i n te r face .  
These loads, espec ia l l y  f o r  high-pressure gas connectors, should no t  be 
reacted a t  the be r th ing  o r  docking mechanism in ter faces.  
1 a t c h i  ng, h igh pressure gas d i  sconnects shoul d be designed t o  m i  nimi ze 
a x i a l  forces which r e s u l t  f r o m  i n t e r n a l  pressures t o  help reduce the 
load a t  a common l a t c h .  
requi red t o  l a t c h  upon mating, a remotely operated l a t ch ing /un la tch ing  
mechanism, which w i l l  add complexity t o  the AUM, w i l l  be required. 
This mechanism would most l i k e l y  have t o  provide a t r a n s l a t i o n  motion 
t o  a s i n g l e  p a r t  o f  the connector independent o f  the connector assembly 
t o  perform the l a t c h i n g  o r  un latch ing task. 
reac t  the loads f r o m  the high-pressure gas connectors a t  a l a t c h  
i n t e r f a c e  t h a t  provides alignment and, i n  the case o f  a combined 
docking and umb i l i ca l  mating mechanism, a hard dock between OSCRS and 
the s a t e l l i t e .  
For r e f u e l i n g  on the Shutt le,  Space Stat ion,  Or 
Requirement 20 s tates t h a t  the forces between the 
S e l f  
I f  each high-pressure gas connector i s  
I t  would be preferable t o  
The al lowable misalignment between connector mating 
c -2- 
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assembl i e s  and ind i v idua l  connectors, the requi red connector r a t i n g  
and uncoupling force, and the required inches of t r a v e l  f o r  connector 
mating a r e  a l l  dependent on the s p e c i f i c  connector used. However, i n  
order t o  s i m p l i f y  the design o f  the AUM, Requirement 28 was added t o  
l i m i t  the connectors t o  those types t h a t  are mated and denated by 
t rans la t i on ,  no t  ro ta t i on .  
6.1.2 AUM Reauirements Uniaue t o  Shu t t l e  
An evaluat ion o f  the unique requirements f o r  t he  operat ion o f  an AUM i n  
the Shu t t l e  payload bay was performed t o  determine i f  there were any 
unique requirements t h a t  could d r i v e  the design. The r e s u l t s ,  l i s t e d  
i n  Table 6.1.2-1, i nd i ca ted  t h a t  there are no rea l  Shu t t l e  design 
d r i v e r s  t h a t  would s i g n i f i c a n t l y  impact the AUtl design t h a t  are not  
accounted f o r  i n  the general requirements tab le.  The only  unique 
requirement t h a t  could be i d e n t i f i e d  was the requirement t o  s a t i s f y  the 
O r b i t e r  payl oad bay envel ope dur ing re fue l  i ng operations i n  the payl oad 
bay and the requirement t h a t  the design be capable o f  accommodating 
d i f f e r e n t  s a t e l l i t e  docking mechanisms i n  the physical cons t ra in t s  o f  
the payload bay. An add i t i ona l  requirement i s  the c a p a b i l i t y  t o  
provide two-faul t to1 erance f o r  emergency j e t t i  son o f  the spacecraft n 
the payload bay. This was no t  l i s t e d  i n  the general requirements 
because i t  would n o t  be feas ib le  t o  perform t h i s  operat ion i n s i d e  the 
S ta t i on  Serv ic ing F a c i l i t y .  
6.1.3 AUM Reauirements Uniaue t o  SDace S ta t i on  
Requirements f o r  an AUM t h a t  are unique t o  Space S ta t i on  were compiled 
by reviewing several Space S ta t i on  documents, i n  p a r t i c u l a r  the Space 
S ta t i on  Program Data Requirements Document (PDRD). The r e s u l t s  are 
shown i n  Table 6.1.3-1. A1 though OSCRS i s  no t  p a r t  o f  the Space 
S ta t i on  program and hence no t  a program element, i t  w i l l  operate and be 
stored a t  the S ta t i on  f o r  extended per iods o f  time, therefore,  the 
S ta t i on  requirements must be s a t i s f i e d .  
d i f f e rence  i s  that ,  u n l i k e  the previous requirement f o r  an 0SCP.S used 
on the Shutt le,  use of an AUM i s  a requirement f o r  Space Stat ion.  
The most s i g n i f i c a n t  
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1 Reference I Parag raph  INo. I Requirement 
I t  
I ~~~ 1 
I 1.1 
I I  
I I  
I I  
I I  
I I  
I 2.1 
I 1  
I I  
1 1  
I I  
CSCRS and associated ASE shall conform t o  the 
orbiter pay1 oad bay envelope as defined in 
JSC 07700, Volume XIV. The OSCRS shall be 
compatible w i t h  a17 ground handling, processing 
and transportation operation constraints. 
In the event a customer elects t o  provide 
docking fac i l i t i es  separate from OSCRS, 
unnecessary docking hardware shall be easily 
removeable t o  optimize OSCRS weight and 
envelope. 
I I  
I 3.1 The OSCRS docking structure and mechanism shall 
I I be modifiable t o  provide optimum accommodations 
I I for a reasonable range of sa te l l i t e  envelopes 
I I and masses. 
I I  
Systems I 3.2.2 
?equire- I 
nents Docu-l 
nent f o r  I 
3SCRS Rev. I 
4 ,  Oct. 85 I 
I 3.3.2.3.a 
I 
I 
I 3.3.2.3.a 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 4. I Provide emergency two-failure operational 
I jet t ison o f  spacecraft when refueling from the I I 
I orbiter bay. The sa t e l l i t e  shall be able t o  I I 
I complete i t s  mission af ter  jettison. I I 
I I I 
I I I 
I I I 
I I 1 
I I I 
I I 
I 3.3.2.3.d I 
I I I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I I I I 
I I  I I I 
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INo. I Requirement I Reference 1 Paragraph 1 
1 1  I Document I Number I 
I I  I I I 
I 1. I Hazardous f l u i d s  sha l l  be replenished using I NSTS 07700 12.1.2.4.3.4) 
I I remotely operated equipment w i t h  manual over- IVol . X I V  I I 
I 1 r ides.  !Revis ion 1 I I 
I I  I I I 
I 2. I The AUW sha l l  be designed t o  meet a l l  pe r fo r -  I 12.1.3.1 I 
I I mance requirements f o r  operat ion i n  the natura l  I I I 
I I environment condi t ions,  e.g., o r b i t a l  densi ty  I I I 
1 I and composition, plasma. Charged p a r t i c l e  and I I I 
I I electromagnetic rad iat ion,  meteoroids and space I I I 
I I debris, magnetic and g r a v i t a t i o n a l  f i e l d s ,  I I I 
I I thermal, pressure and physical constants, etc., I I I 
I I as prescr ibed i n  JSC 30000, Section 3, Appendix I I I 
I I A, natura l  environment d e f i n i t i o n  f o r  design. I I I 
I I  I I I 
I 3.1 No equipment, mater ia l ,  o r  consumable t rans-  I 
I I ported t o  an o r b i t i n g  SSPE sha l l  be reconf iguredl  
1 I erected, o r  otherwise operated upon i n  a manner I 
I I nonvolat i le ,  etc.)  s u i t a b l e  f o r  safe r e t u r n  t o  I 
I I Earth o r  f o r  c o n t r o l l e d  and safe j e t t i s o n  f r o m  I 
I I t h a t  prevents i t  from being returned t o  a I 
I I cond i t i on  .(size, packaging, steady-state, I 
I I the Space Stat ion.  I 
I I  
I 4.1 
I I  
I I  
I I  
I I  
I I  
I 5.1 
I I  
I I  
I I  
I 6.1 
I I  
I I  
I I  
I 7.1 
I I  
I I  
I I  
I 
SSPE's sha l l  employ common hardware, software, I 
and standard i n t e r f a c e  t o  the maximum b e n e f i c i a l  I 
extent. Mod i f i ca t i on  o f  the SSPE o r  i t s  sub- I 
systems sha l l  maintain hardware and software I 
commonal i ty. I 
I 
SSPE design sha l l  minimize the need f o r  ground I 
c o n t r o l  and support o f  operat ional  funct ions i n  I 
favor o f  onboard autonomy. I 
I 
Robotic devices s h a l l  be designed t o  accept I 
contingency hold and emergency stop commands I 
issued by the E V A  and I V A  crewmembers. I 
I 
Safety and r e l i a b i l i t y  programmatic requirements1 
sha l l  be as speci f ied i n  JSC 30000, Section 9, I 
product assurance requirements. I 
I 
I 8.1 The AUM sha l l  meet the requirements f o r  I 
I I hazardous mater ia l  s, f l  amnabil i ty  and outgassi ng I 
I I as spec i f i ed  i n  JSC 20149. I 
I I  I 
1 1  I 
I 2.1.4.3.2 I 
I I 
I 1 
I I 
I I 
I I 
I I 
I I 
I I 
I 2.1.5 I 
I I 
I I 
I I 
I I 
I I 
I 2.1.7 I 
I I 
I I 
I I 
I 2.1.8.1.5 I 
I 
I 
I 
I 
I I 
12.1.10 & 11 1 
I I 
I I 
I I 
I 2.1.11.3 I 
I 1 
I I 
I I 
I I 
Table 6.1.3-1 Requirements f o r  0SCP.S AUM a t  the Space S ta t i on  
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6.1.4 AUM Requirements Unique t o  OMV 
The use o f  OSCRS w i t h  an CMV f o r  i n - s i t u  s a t e l l i t e  r e f u e l i n g  would 
necessi tate the use o f  an AUM. 
Documents and Payload Accommodations Equipment documents (References 2 , 
3, and 6) were reviewed t o  develop s p e c i f i c  requirements f o r  t h i s  
appl icat ion.  It was assumed t h a t  OSCRS i n t e r f a c e  t o  a spacecraft would 
have t o  be compatible w i t h  the OMV payload accommodations equipment 
(PAE 1 requi  rements. 
One o f  the requirements fo r  the OMV PAE i s  t h a t  a t  a minimum i t  sha l l  
provide e l e c t r i c a l  and mechanical i n te r faces  t o  dock w i t h  a payload 
grapple f i x t u r e  as def ined i n  ICD-2-1-19001 and a system compatible 
w i t h  the FSS be r th ing  and p o s i t i o n i n g  system as def ined i n  MMS F l i g h t  
Support System Users Guide, GSFC 408-21 12-0004. 
requirement which must be extended t o  OSCRS, then the AUM would have t o  
be compatible w i t h  both grapple f i x t u r e  and FSS l a t c h  in ter faces.  
c o m p a t i b i l i t y  w i t h  a spacecraf t  which provides a grapple f i x t u r e  f o r  
docking, i t  i s  l i k e l y  t h a t  e i t h e r  a modif ied end e f f e c t o r  would be 
mounted on OSCRS f r o n t  face w i t h  the AUM alongside, o r  the AUM would be 
incorporated i n t o  the end e f f e c t o r .  To be compatible with an FSS l a t c h  
i n te r face ,  the AUM could be located anywhere on OSCRS f r o n t  face, 
preferably w i t h i n  the 72-in. diameter o f  the latches. 
Another requirement f o r  the AUM i s  t o  provide f o r  the t ransmission o f  a 
continuous power l e v e l  o f  1.8 KW t o  a docked spacecraft.  
6.1.5 Addi t ional  Requi rements f o r  a Combined Docki ng/Refuel i ng AUM 
A mechanism combining the docking and r e f u e l i n g  func t i on  would be 
des i rab le because i t  would simp1 i fy the i n te r faces  between OSCRS and 
another system and s i m p l i f y i n g  procedures. 
s a t i s f y  a l l  o f  the requirements given i n  the preceeding sections, p lus  
s a t i s f y  the minimum docking requirements devel oped f o r  the OMV Pay1 oad 
Accommodations Equipment (PAE). 
Equipment consi s t s  o f  the RMS Grapple Docking Mechanism (RGDM) and the 
Three Point  Docking Mechanism (TPDM) and are subject  t o  the 
requirements l i s t e d  i n  the Table 6.1.5-1. 
capture envel opes i n  t h i  s tab1 e ref ' l  e c t  the mechani sm capabi 1 i t i e s  more 
than t h e i r  requirements. 
misalignment spec i f i ed  f o r  the RGDM i n  the OMV Pre l iminary Design 
Document, Book 2, August 30, 1985, was + 5 * ,  and i t  was necessary f o r  
the RGDM t o  be extended 15 inches (with-a 176.0-inch-diameter OMV) t o  
meet t h i s  requirement. 
It would be des i rab le t o  use an e x i s t i n g  docking i n t e r f a c e  w i t h  the 
combined docking/AUM. The two standards are the FSS la t ches  and the 
RMS standard end e f f e c t o r .  The FSS la tches are too l a r g e  and heavy t o  
be considered, b u t  i t  would be possible t o  modify the RMS standard end 
e f f e c t o r  design, proposed as the grapple docking mechanism f o r  OMV, f o r  
use as a combined docking/AUM. Upon r i g i d i z a t i o n ,  the grapple f i x t u r e  
The TRW CMV Preliminai-y Design 
I f  t h i s  i s  a 
For 
' 
Such a device would have t o  
The OMV Payload Accommodations 
It i s  l i k e l y  t h a t  the 
The capture envelope requi  rement fo r  angul a r  
I n  Table 6.1.5-1 i t  i s  - +15". 
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Table 6.1 5-1 O W  Payload Accommodations Eauiument 
MECHANISM & 
MAX PAYLOAD WEIGHT, Ib 
LOAD TRANSFER CAPABIUTY 
BENDING MOMENT, ft-lb 
TORSION, ft-lb 
AXIAL, Ib 
SHEAR, Ib 
IMPACT LOADS, Ibf 
CAPTURE 
ErMLoFE 
AXIAL, in. 
LATERAL, in. 
ANGUIAR 
ROTARY 
RELATIVE DOCKING VELOCITY 
LATERAL, ft/s 
AXIAL, ftis 
ROTATIONAL, degis 
ANGULAR, degis 
CONNECTOR ALIGNMEM 
AXIAL, in. 
LATERAL, in. 
ANGULAR 
ROTARY 
MECHANISM WEIGHT 
M O P E  ACTIVE SIDE 
SPACECRAFT 
* -  
RGDM 
75K 
1200 QUAL 
1642 LIMIT 
- 
221 5 
e. 0
f4.0 . 
fl5" 
fl 0" 
3 
.01 
.01 
.5 
.5 
NOT GIVEN, BUT 
SHOULD BE SAME AS 
STANDARD END EFFECTOR 
IN TABLE 6.4.1-2 
112 
34.0 X 32 
TPDM 
75K 
4500 
1000 
&I 
k3.5 EA LATCH 
3.5 
.01 
.01 
.5 
.5 
NOT 
AVAILABLE 
150 
37-82 DIA X 
29.5 
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on the spacecraft i s  captured by snare wires i n s i d e  the end e f f e c t o r ,  
which are then ret racted,  p u l l i n g  the spacecraf t  i n t o  r i g i d  contact  
w i t h  the end e f f e c t o r  face. The standard end e f f e c t o r  mo to r  develops 
45-oz-in. torque, which produces 1,200-lb grapple p i n  load. 
r i g i d i t a t i o n  were used t o  mate connectors, t h i s  1,200-lb a x i a l  force 
would be a v a i l a b l e  f o r  connector mating. Also, some add i t i ona l  means 
fo r  alignment p r i o r  t o  connector engagement may be necessary. 
a l t e r n a t i v e  t o  mating connectors dur ing r i g i d i t a t i o n  would be t o  d r i v e  
the connectors together a f t e r  r i g i d i t a t i o n  using a separate carr iage 
assembly and d r i v e  motors. To r e a c t  a x i a l  forces generated by the 
f l u i d  and high-pressure gas disconnects, the docking mechanism can 
accommodate up t o  2215-1bf ax ia l  force, b u t  i t  i s  u n l i k e l y  t h a t  i t  
would be enough t o  reac t  these loads. A separate l a t c h  mechanism a t  
the end e f f e c t o r  i n t e r f a c e  t h a t  engages a f t e r  r i g i d i c a t i o n  would 
probably be required. 
The docking v e l o c i t y  requirement f o r  the OW PAE, 0.01 f e e t  per second, 
i s  q u i t e  small compared t o  those dur ing the Apol lo program. When 
l a r g e r  r e l a t i v e  docking v e l o c i t i e s  must be accommodated, the combined 
docking/AUM design becomes s i g n i f i c a n t l y  more complex because i t  must  
absorb impact loads and t r a n s f e r  them t o  some other  fo rm o f  energy. 
I f  
An 
6.1.6 Requirements for a Common Doc.ki ng/Refuel i ng AUM 
A common dock inghe fue l i ng  AUM i s  def ined as one that  could be used i n  
conjunct ion w i t h  some other  docking mechanism. This means t h a t  if an 
AUM were designed w i t h  both a docking and umb i l i ca l  mating c a p a b i l i t y ,  
i t  should be capable o f  independent umb i l i ca l  mating t o  a l l ow  the AUM 
t o  be used i n  those cases where a separate docking mechanism i s  already 
i n  place. 
avoid i n te r fe rence  dur ing spacecraft-to-CSCRS docking. This woul C 
provide a great  deal o f  f l e x i b i l i t y  f o r  umb i l i ca l  mating and/or docking 
for  s a t e l l i t e s  w i t h  a v a r i e t y  o f  docking/berthing i n t e r f a c e  hardware. 
The docking p a r t  o f  the RUM would have t o  be designed t o  
6.2 DESCRIPTION OF EXISTING MECHAKISMS 
This sect ion w i l l  review e x i s t i n g  designs o f  automated umb i l i ca l s  and 
docking mechanisms t h a t  have been e i t h e r  f lown o r  ground tested. TWO 
automated umbi l ica l  mechanisms have been b u i l t ,  one by K a r t i n  M a r i e t t a  
and one by Moog. Both are designed t o  mate f l u i d  and e l e c t r i c a l  
connectors and would be used i n  conjunct ion w i t h  some type o f  dockin 
mechanism. A sumnary o f  the design features and c a p a b i l i t i e s  o f  eac 
i s  presented i n  Table 6.2-1. The two umb i l i ca l s  are prototypes and 
have no t  been designed f o r  f l i g h t .  
by NASA Marshall Space F l i g h t  Center. 
the two AUMs i n  Table 6.2-1, the Mar t i n  Mar ie t ta  RUM has b e t t e r  
c a p a b i l i t y  f o r  hand1 i n g  m i  sal ignment o f  the mating ha1 ves and can 
accommodate s i x  connectors. Add i t i ona l l y ,  i t  can sequen t ia l l y  mate 
the connectors a l l ow ing  the e l e c t r i c a l  connectors t o  be mated before 
the f l u i d  connectors. E x i s t i n g  designs o f  connectors which could be 
used w i t h  e i t h e r  umb i l i ca l  mechanism were a l so  reviewed, and the 
c a p a b i l i t i e s  o f  each are presented i n  t h i s  section. 
8 
Both are planned f o r  ground t e s t i n g  
I n  comparing the c a p a b i l i t i e s  o f  
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Table 62-1 Automated Umbilical Mechanisms 
Remote Umbilical 
Mechanism (RUM) 
MMC 
34 Est Flt Weight (Ib) without Connectors 
Automated Umbilical 
Connector (AUC) 
Moog' 
36 
Axial 
Alignment Lateral 
Capabilities Angular 
Rotaty 
Motor Type 
625 in. 
875 in. 
5.00 
1 5.0° 
1 15l200- vac Motor 2 8 4  dc Gear Motor 
125 in. 
125 in. 
5.00 
1 .oo 
Power Requirements 
4 I 6 I Number of Connectors 
14.4 watts Nominal 100 watts Nominal 
I 
Yes Yes on PR Side Only Contamination Covers on Connectors 
I I 
Y 8s I EVA-or Robot-Operated Override I Yes 
I 
~~~ 
Individual Connector Alignment 
Capability Yes 
Yes 
Time of Operation IS-sec Latch Up 15-sec Translation 
3- min Total 
Ability to Mate Electrical 
Connectors for System Check- 
out Prior to Mating Fluid 
Connectors 
Yes 
I L 
Moog Model 50E559 Report No. MR E4866 Rev A Jan 26 1987 
Not in Present Design 
6.2.1 Moog Automatic Umbi l ical  Connector (AUC) 
The AUC was developed by Moog fo r  Boeing Aerospace as p a r t  o f  t h e i r  
Space S ta t i on  advanced development e f f o r t .  Performance t e s t i n g  on the 
prototype has been completed, and the u n i t  was del ivered t o  NASA MSFC 
i n  January 1987 fo r  f u r t h e r  tes t i ng .  
design taken from Reference 7. The Moog AUC, shown i n  Figures 6.2.1 -1 
and 6.2.1-2, i s  a f u l l y  automated system r e q u i r i n g  only  e l e c t r i c a l  
power and i n p u t  con t ro l  commands. 
The fo l l ow ing  i s  a summary o f  the 
The u n i t  i s  f u l l y  automated and uses 
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MOOG MODE SOW9 AUTOMATED UMBILICAL CONNECTOR 
TYPE II TYPE I 
Figure 6.2.1 -I  Automated Umbilical Connector (A UC) 
an electromechanical actuator  powered by a s i n g l e  3-phase, 400-Hz gear 
motor. Manual overr ide i n  case o f  motor f a i l u r e  i s  provided. The u n i t  
i s  d iv ided i n t o  two halves, a Type 1 h a l f ,  conta in ing the d r i v e  
mechanism, and a Type I 1  ha l f ,  which i s  e l e c t r i c a l l y  passive and 
requi res no power o r  con t ro l .  The Type 1 s t ruc tu re  i s  cant i levered 
f r o m  a c i r c u l a r  mounting p la te.  This mounting p l a t e  i s  b o l t e d  t o  a 
face o f  OSCRS so t h a t  a l l  but  a small p o r t i o n  o f  the u n i t  i s  suspended 
i n s i d e  the OSCRS st ructure.  
p l a t e  which i s  attached t o  the spacecraft.  The balance o f  the Type I 1  
h a l f  houses connectors and i s  can t i l eve red  f r o m  the mounting p l a t e  
through a compliant mount which i s  composed o f  a spher ical  bearing. 
Four r e t u r n  springs cause the assembly t o  tend toward a normal 
pos i t ion.  The engagement sequence, shown i n  Figure 6.2.1 -3, begins 
w i t h  the i n p u t  comnand t o  the con t ro l  which i n i t i a l l y  d r i ves  the 
e l e c t r i c  gearmoter i n  the electromechanical actuator  c lockwise (viewed 
from the motor s h a f t  end), d r i v i n g  the actuator  rod toward a square 
hole i n  the Type I 1  cover. This provides i n i t i a l  al ignment o f  the two 
halves. The square cross-sect ion actuator  rod continues through the 
cover toward the actuator  rod receptacle on the p la t ten .  
actuator rod w i l l  contact  the conical  lead-on t o  the r e c e p t i c a l ,  
causing the Type I 1  h a l f  t o  p i v o t  i n t o  f u l l  alignment as the rod 
engages the receptacle. 
The Type I 1  h a l f  has a c i r c u l a r  mounting 
The tapered 
The actuator rod continues t o  advance t o  push 
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Figure 6.2.1-2 Moog Model 506559 Automatic Umbilical Connector 
the covers off the disconnects and then rotates 45 degrees, causing 
both covers t o  rotate, positioning holes i n  these covers over the 
disconnects. The control automatically reverses the gear motor, and 
the actuator and platten, moving as  a u n i t ,  then retract ,  d r i v i n g  the 
connectors together. 
compliant disconnect mounts. 
and signals the end of the engagement sequence. 
transmission can then take pl ace. 
essentially the reverse o f  the engagement sequence. The AUC prototype 
was configured t o  accommodate the Moog Rotary Shut-off (RSC) confleCtOr, 
described i n  the next section, b u t  other connector types c o u l d  a l s o  be 
used. 
Any remai n i  ng m i  sal i gnment i s  compensated f o r  by 
Upon full engagement, the motor shuts o f f  
F l u i d  and d a t a  
The disengagement sequence i S 
6.2.2 Martin Marietta Remote Umbilical Mechanism (RUM) 
Martin Marietta has bui l t  a prototype Remote Umbilical Mechanism 
designed t o  mate f l u i d  and electrical connectors i n  conjunction w i t h  
FSS latches for  structural mating. The u n i t ,  shown i n  Figure 6.2.2-1 
and 6.2.2-2, i s  currently undergoing modification to  support vacuum 
chamber testing a t  NASA FISFC. 
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TYPE I I  TYPE I 
Initial alignment 
Actuator rod retracted 
Figure 62.1 -3 Engagement Sequence 
Full alignment 
Actuator rod at full stroke. 
rotates 45' cw 
0 Platten captured by actuator rod 
Covers rotate open 
0 Actuator rod retracts 
0 Platten moves through stroke 
Connectors drive across interface 
0 Fluid/Power/Data transfer 
and engage 
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Figure 6.2.2-1 Robotic Umbilical Mechanism 
The RUM c o n s i s t s  o f  an a c t i v e  s ide  c a l l e d  a t r a n s l a t i o n  assembly, which 
houses a motor-and-bal l  screw assembly t o  power an over-center l a t c h  
and a motor-and-bal l  screw assembly which d r i v e s  a connector c a r r i a g e  
assembly. Nominal ly, t he  connector c a r r i a g e  assembly mounts connectors 
i n  two p a r a l l e l  rows around the c e n t r a l l y  l o c a t e d  l a t c h .  
con ta ins  a f l u i d ,  a gas, and an e l e c t r i c a l  connector. 
c a r r i a g e  assembly are two dus t  cover a c t u a t i o n  pads. 
Each row 
Attached t o  the 
The al ignment receptac le i s  t h e  r e c e i v e r  s ide  o f  t h e  RUM. 
dus t  covers t o  cover each row o f  connectors. I n t e r n a l  s l i d e  assemblies 
and pinned j o i n t s  p rov ide  s i x  degrees o f  freedom al ignment 
c a p a b i l i t i e s .  
c o n t r o l .  Connectors on both s ides a re  at tached t o  f l e x i b l e  1 i n e s  t o  
pe rm i t  connector motion. 
It has two 
It i s  e l e c t r i c a l l y  passive and r e q u i r e s  no power o r  
The opera t i ng  sequence o f  the RUM begins a f t e r  t he  spacecraf t  has been 
secured w i t h  the  FSS la t ches .  
engages a con ica l  depression on the r p t a c l e  assembly. The 
c a p a b i l i t y ,  moves t o  p rov ide  the i n i t i a l  a1 ignment o f  t he  connectors. 
Four l a t c h e s  on t h e  t r a n s l a t i o n  assembly a r e  then ,dr iven through t h e  
A cone on the  t r a n s l a t i o n  assembly 
receptac le assembly, wi th i t s  s ix-degr ?F es-of-freedom a1 ignment 
b 
ORIGINAL PAGE IS 
OF POOR QUALITY 
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Figure 6.2.2-2 R o bo tic Urn bilical Mechanism Photograph 
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b a l l  n u t / l  ead screw mechani sm by a 28-Vdc gear motor. As the la tches 
close, they engage a rectangu a; p ate on the alignment receptacle t o  
provide f i n a l  alignment. During l a t ch ing ,  the dust cover actuat ion 
pads extend and engage rods attached t o  a b e l l  crank mechanism t h a t  
t rans la tes  the covers a x i a l l y  and then along a r a d i a l  path exposing the 
face o f  the connectors. A second 28-Vdc gear motor then d r i ves  the 
trans1 a t i o n  assembly connectors i n t o  t h e i r  mating ha1 ves on the 
a1 ignment receptacle. 
The RUM was designed t o  accommodate up t o  s i x  connectors, f l u i d  o r  
e l e c t r i c a l .  
l a t e r a l  misalignments. The two e l e c t r i c a l  connectors on the prototype 
are mounted on a spr ing assembly so t h a t  they can be mated p r i o r  t o  
mating the f l u i d  connectors t o  a l l o w  recon f igu r ing  and checkout o f  the 
spacecraf t  system p r i o r  t o  f l u i d  t r a n s f e r  operations. 
Each connector i s  mounted i n  a keeper assembly t h a t  a l lows 
6.2.3 Descr ip t ion o f  E x i s t i n g  Connectors 
There are several types o f  e x i s t i n g  connectors t h a t  could be used i n  
e i t h e r  the e x i s t i n g  automatic umb i l i ca l s  o r  a new design, and they are 
summarized i n  t h i s  section. Depending on where the OSCRS i s  used, the 
number and type o f  connectors i t  requi res var ies because in te r faces  
w i th  the Stat ion,  Shutt le,  and OMV are d i f f e r e n t .  
requirements f o r  the basic OSCRS and the modular OSCRS designs are 
presented i n  Table 6.2.3-1 g i v i n g  the type and number o f  connectors 
requi red f o r  each appl icat ion.  
based on the i n t e r f a c e  requirements discussed i n  Sect ion 3.4. The 
maximum number o f  connectors, consider ing redundancy requirements, i s  
seven: two propel lant ,  two gas, and three e l e c t r i c a l .  
The connector 
The number o f  connectors was developed 
Table 623-1 Connector Requirements 
ORBITER BAY 
SATELLITE TO SPACE OMV FOR 
BE REFUELED STATION TRANSPORT 
BASIC MOD BASIC MOD BASIC MOD BASIC MOD 
PROPELLANT 2 2 0 0 0 0 0 0 
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Potent ia l  connectors were reviewed from vendor-suppl i e d  data. A 
requirement der ived f o r  AUMs was t h a t  the connectors should be l i m i t e d  
t o  those t h a t  can be mated by a x i a l  motions only. A connector made by 
Fa i r ch i l d ,  shown i n  F igure 6.2.3-1, i s  capable o f  push/pul l  mating and 
i s  compatible w i t h  hydrazine. The sel f -a1 i gn ing  swivel j o i n t s  prov ide 
+3' o f  angular misalignment, +0.062' o f  l a t e r a l  misalignment, and 
0.062' o f  a x i a l  misalignment. This connector i s  cu r ren t l y  being 
considered f o r  use i n  the OMV Reaction Control System i n  a 3/8-inch 
s i  ze. 
t a90 
Figure 6.2.3-1 Fairchild Hydrazine Coupling 
The Moog Rotary Shut-Off (RSO) disconnect, described i n  Reference 8 and 
shown i n  F igure 6.2.3-2, uses spher ica l  cocks t o  c lose  and seal the 
f l ow  path instead o f  poppets. 
against  propel 1 a n t  1 eakage when connected, three seal s agai n s t  
p rope l l an t  leakage dur ing mating and demating, and one seal against  
p rope l l an t  leakage when disconnected. An opt ional  sensing p o r t  could 
be used t o  leak-check the seals i f  required. 
c u r r e n t l y  undergoing t e s t i n g  f o r  a v a r i e t y  o f  space app l ica t ions .  
The disconnect provides three seals 
This connector i s  
G & H Technology, Inc i s  i nves t i ga t i ng  connectors t h a t  would combine 
both f l u i d  and e l e c t r i c a l  connections i n  a s i n g l e  housing. Such a 
connector could be used i n  the Remotely Operated E l e c t r i c a l  Umbi l ica l  
(ROEU) f o r  the  OSCRS i n t e r f a c e  t o  the  Stat ion.  
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Figure 6.2.3-2 Moog R o t a y  Sbut-Off (RSO) Disconnect 
6.3 RECOMMENDED CHANGES TO EXISTING AUMs 
Both  the Martin Marietta RUM and the Moog AUC designs can meet the 
requirements of Section 6.1 w i t h  modifications. The requirements 
developed for an AUM and presented in Section 6.1.1 t h a t  are not  
satisfied by the current designs of the Moog AUC and  Martin Marietta 
RUM are summarized in Table 6.3-1. This table addresses requirements 
- t h a t  appear t o  have significant impact on the AUM designs. 
Requirements a t  the component level, such as connector requirements or 
requirements t h a t  the AUMs could meet by a simple design change, are 
not addressed here. Both units would have to be reconfigured t o  
accommodate the number and type o f  connectors l isted i n  Table 6.2.3-1. 
Three electrical connectors are required to accommodate the number o f  
wires required f o r  data, power, and comnands and t o  provide two-faul t 
tolerance. 
required t o  provide one-faul t tolerance for mission success. 
units would a l s o  require redundancy t o  meet requirements i n  latching 
and connector mating operations. T h i s  could be achieved by replacing 
the gear motors w i t h  a Common Drive U n i t  ( C D U )  that consists of two 
motor-brake assemblies d r i v i n g  a single o u t p u t  shaft through a common 
differential. 
powered. 
Two hydrazine and two pressurant connectors would be 
Both 
During normal operation of the C D U ,  bo th  motors would be 
I f  one motor locks i t s  shaft, the remaining motor can provide 
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Table 6.3- I 
Requirements Not Satifled by Existing AUMs 
Requirement Number 
from Table 6.1 .l-1 
1 
2 
3 
7 
9 
10 
11 
12 
15 
16 
19 
25 
27 
29 
31 
32 
33 
Does Not Meet Requirement 
RUM Martin 
Marietta 
4 
4 
4 
4 
& 
m/ 
4 
t 
t 
4 
4 
4 
AUC 
MOOG 
80 
4 
J 
J 
d 
J 
4 
d 
t 
J 
J 
t 
4 
4 
Requirement Compliance is Dependent on Connector 
Selection 
o u t u u t  throuah the differential and not backdrive the failed motor. I f  - - r  
the differeniial f a i l s ,  o u t p u t  can s t i l l  be provided by powering b o t h  
motors. Operation of both  motors, a s  compared t o  one, yields the same 
o u t p u t  torque w i t h  twice the o u t p u t  speed. The Moog AUC would require 
one CDU,  and the Martin R U M  would require two. To eliminate a 28-Vdc 
t o  3-phase-400-Ht-AC converter, when used on OMV, the Moog AUC motor 
should be replaced w i t h  a 28V brushless DC motor. 
To meet the emergency two-failure operational sate1 1 i t e  j e t t i  son 
requirement when refueling from the Orbiter Bay, the CDU provides one 
f a u l t  tolerant latch release and connector demating. A second f a u l t  
tolerance level f o r  the l a t c h  could be provided on the AUC by making 
the t i p  o f  the probe a separate piece attached w i t h  a pyrotechnic 
bolt. The second level of f a u l t  tolerance could be added t o  the Martin 
RUM by installing a non-explosive i n i t i a t o r  p i n  puller a t  the 
over-center toggle l i n k  of the latch. 
Compliant mounting of the i n d i v i d u a l  connectors i s  important t o  prevent 
connector b ind ing  due t o  tolerance buildups and differential thermal 
expansion. The Moog AUC provides connector mounts on the spacecraft 
si de t h a t  permi ts some 1 ateral connector movement. 
these mounts cause the connectors t o  tend toward the normal position. 
Flexible hoses and cables routed i n  a spiral fashion can accommodate 
Spri  ngs i nsi de 
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lateral motion f o r  individual connector alignment and a x i a l  motion for 
connector mating. Connectors on the OSCRS side would be hard mounted. 
The Martin RUM has compliant connector mounts on the translation 
assembly (active) side. 
sides t o  permit lateral and ax ia l  motion on the active side and  t o  
permit movement of the receptacle assembly on the spacecraft side. 
Flexible hoses and cables are required on b o t h  
If connector b ind ing  i s  determined t o  be a credible failure mode, i t  
could have a major impact on the automatic umbilical design. In the 
present configuration of the Moog AUC and the Martin RUM, i f  one f l u i d  
connector sticks, i t  i s  possible that none o f  the f l u i d  connectors 
could be mated. On the Martin RUM, if  an electrical connector (mounted 
on a s p r i n g  assembly) sticks, i t s  ax ia l  motion would stop, b u t  the 
remaining connectors would continue t o  be mated as the spring behind 
the jammed connector compressed. Mounting a l l  of the connectors O n  
spring assemblies would be one way to meet the mission success 
requirement. 
assemblies driven by separate Common Drive Units. For a connector 
sticking on demating, the requirement f o r  two-faul t-tolerant release 
could be met by u s i n g  electrically released i n - f l i g h t  disconnects, 
similar to G&H Technology Inc Model Number 676. This connector has 
redundant non-pyrotechnic hot wires that hold back a predesi gned spring 
load. 
can occur and the inside of the connector comes apart. 
tolerance release could also be achieved by using a device fo r  f l u i d  
lines similar t o  the one used on the basic OSCRS, as shown i n  Figure 
6.3-2. 
t h i n  cy1 i ndrical wall holding the d i  sconnect ha1 ves together. Each 
half contains a valve t h a t  shuts off  flow when separation occurs. 
Another way would be t o  have two separate Connector 
Current i s  passed through these wires u n t i l  hoop stress rupture 
Two-fault- 
T h i s  disconnect contains a pyrotechnic r ing t h a t  ruptures the 
+ 
Figure 6.3-2 Fluid Emergency Separation 
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Another design modification concerns thermal control . 
propellant connectors and hoses f o r  b o t h  the Moog AUC and the Martin 
RUM protrude beyond the thermal b l  anket of OSCRS and/or  the spacecraft 
and therefore will require thermal protection t o  prevent freezing of 
the propellant. 
multilayer insulation (MLI) as on the OSCRS structure. The MLI blanket 
consists of a Gortex Ortho cloth exterior and a black k a p t o n  inner 
layer that  maintains a r ad ia t ion  environment i n  the heated areas which 
helps t o  maintain the temperature of the f l u i d  lines. If  heaters are 
required, each component requiring heat would have three heaters and 
three thermostats i n  series for redundancy. 
circuits would be supplied from three electrical buses. Each circui t  
would be able t o  maintain the minimum component temperature. Heaters 
would be active only d u r i n g  the f l u i d  transfer operation. 
So th  the 
Thermal protection m i g h t  consist of a layer O f  
Power for the three 
6.4 COMBINED DOCKING/REFUELING AUTOMATIC UMBILICAL 
The combining of the docking and refueling functions i n t o  one mechanism 
has potential advantages. 
systems such as the Space Station and a spacecraft would be 
simplified. Only one mate/demate operation would have t o  be performed, 
simplifying operations. 
d r i v e  of both the docki ng and u t i  1 i t y  connectors. M i  sal i gnments d u r i  ng 
connector mating would also be minimized because f l u i d  and electrical  
connectors would be i n  close proximity t o  the docking p o i n t .  Designs 
Of such a mechanism have been studied previously. T h i s  section reviews 
the status of such a mechanism and discusses recommedations for further 
work. 
The interfaces between the OSCRS and other 
One set  o f  motors on the AUM could perform 
6.4.1 Description of TRW A1 ternate Berthing Mechanism 
The TRW Alternate Berthing Mechanism ( A B M ) ,  shown i n  Figure 6.4.1-1 , 
was designed as  an alternate t o  the RGDM for  mating the CMV t o  another 
vehicle. The mechanism provides two f l u i d  lines connections f o r  f l u i d  
transfer and two electrical connectors fo r  power and telemetry. The 
ABM consists of two parts: the probe, which i s  the spacecraft side O f  
the mechanism; and receptacle cylinder, the active half of  the 
mechanism. 
receptacle that are oriented i n  a rad ia l  direction t o  allow themal 
expansion clearance between the probe and the receptacle. 
keys/grooves carry shear loads and moments i n  the mechanism. A single 
hook mounted i n  the receptacle, driven by one of two geared, redundant 
wound stepper motors w i t h  redundant drive el ectronics, engages a roll e r  
on the probe t o  p u l l  i t  i n t o  the receptacle. 
receptacle indicates when the probe is  w i t h i n  the capture range of the 
hook. 
the support .  The probe travels a total distance o f  5.5 inches, the 
outer keys engage the receptacle grooves, and the probe i s  constrained 
t o  linear motion t o  control the mating of  the f l u i d  and electrical 
connectors. The ABM i s  installed i n  the same location on the OMV as 
the RGDM, as shown i n  Figure 6.4.1-2, extends 15 inches i n  from o f  the 
SRV, and i s  nonretractable. 
provides EVA backup by separating the roller and the hook to ensure 
separation. 
Four keys on the probe mate w i t h  four  grooves i n  the 
The 
A switch mounted on the 
The motion of the hook i s  controlled by a slot and a roller on 
The ABM i s  electrically redundant and  
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ALTERNATE BERTHING MECHANISM 
' FROM OMV PRELIMINARY DESIGN DOCUMENT, NAS8-36114 AUGUST 30, 1985 
Figure 6.4.1 -1 TRW Alternate Berthing Mechanism 
The ABM was designed t o  meet the requirements shown i n  Table 6.4.1 -1. 
An engineering model of the ABM was tested in the MASA MSFC six-degree- 
of-freedom simulation faci l i ty  in 1981. Eleven separate docking tes t  
runs were performed. 
6.4.1-2. The Shuttle RMS docking capabilities are also shown in this 
tab1 e f o r  comparison. 
The o u t p u t  of the tes ts  i s  included in Table 
6.4.2 Recommended Changes t o  the TRW ABM 
In order t o  meet the requirements for use a s  a combined docking/AUM on 
OSCRS, the alternate berthing could be changed as follows: 
1 )  Add 1 electrical connector. 
2) Add 2 h igh  pressure gas connectors. 
3 )  Provide replacable dust covers f o r  b o t h  sides of al l  connectors. 
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- 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
- 
Figure 6.4.1-2 TR W Alternate Berthing Mechanism on OM V 
Table 6.4.1 -1 OMV Alternate Berthing Mechanism Requirements 
PROVIDE STRUCTURAL ATTACHMENT OF PAYLOADS TO OMV 
PROVIDE MECHANICAL MATING FOR TWO BODIES 
PROVIDE CONNECT FLUID LINES 
PROVIDE ELECTRICAL CONNECTIONS 
ACCOMMODATE IMPACT LOAD DUE TO VELOCITY OF 0.1 1 ft/s = 25 POUNDS 
MAXIMUM DESIGN MOMENT = 7814 in-lb 
MATING REQUIREMENTS ARE AS FOLLOWS: 
NOMINAL MAXIMUM 
0.03 ft/s .ll ft/s 
0.083 deg/s 0.24 deg/s 
TRANSLATIONAL 
ROTATIONAL 
THE LATCH SHALL BE OPERATED WITH REDUNDANT POWER SOURCES 
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4 )  Provide fo r  two-faul t  tolerant release of connectors i n  the event 
of connector sticking by rep1 acing electrical connectors w i t h  
redundant nonpyrotechnic, electrically released i n - f l i g h t  
disconnects, and using a pryo-type emergency f l u i d  separation 
device as shown i n  Figure 6.3-2 for a l l  f l u i d  and gas lines. 
5) Mount the electrical connectors on the probe side further forward, 
and on longer springs than the f l u i d  connectors, t o  permit their 
mating prior to the f l u i d  connectors. 
Permit two-fault-tolerant release of probe to receptacle either a t  
the hook-to-roller interface o r ,  i f  sticking a t  the probe-to- 
receptacle-payload interface could be a problem, a t  the probe-to- 
sate1 1 i te interface. 
6 )  
The most diff icul t  change l isted above would probably be the a d d i t i o n  
of contamination protection f o r  the connectors. The hook-to-roller 
interface might have t o  be strengthened t o  react loads from the two 
high-pressure gas disconnects. 
6.5 AUM IMPACTS TO OSCRS 
Addi t ion  of an AUM t o  the OSCRS would require modifications t o  the 
OSCRS subsystems. There will be negligible impact t o  the OSCRS f l u i d  
subsystem by using an AUM. Structurally, the AUM will have t o  be 
capable of being mounted on the front  and back side of OSCRS t o  
accommodate simultaneous attachment t o  a spacecraft and an CMV. 
opening i n  the middle of the OSCRS structure would be desirable t o  
allow retraction of the AUM when not i n  use. 
An 
The addition of an AUM t o  the basic OSCRS will also require 
modifications t o  the avionics. 
weight impacts are negligible. 
electrical characteristics of the AUM and the provisions t h a t  will be 
provided by the OSCRS avionics t o  accommodate these functions. 
The changes are small, and the cost and 
Provided below is  a l i s t  of the 
1 )  Redundant motor drive circuitry will be added t o  the Power 
Distribution U n i t  f o r  the protection, control, and  telemetry of 
each motor. .d 
2 )  AUM status signal, such as latch position, end of travel, umbilical 
proximity, connector mating complete, w i  11 be hand1 ed by exi sting 
equi pment. 
3)  Discrete o u t p u t  commands (emergency mode) are required t o  handle 
the control of p i n  pullers t o  release latch mechanisms (emergency 
mode), and p i n  pullers o r  hot wires t o  release electrical 
connectors (emergency mode). 
commands are switch actuated from the AUM; operating from Space 
Station the comnands will be software control 1 ed. 
When operating from the Shuttle, the 
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4 )  
5) 
Fluid lines will have pyros t o  separate lines in.the case o f  an  
emergency. Control hardware i s  a1 ready present. 
Additional software required t o  control, monitor, and test  each 
motor. Commands could be ON/OFF and/or timed feedback. 
MECHANISM 
S H W  RMS’ 
REQUIREMENT 
Table 6.4.1 -2 Dockinn Mechanism Capabiliries 
ALTERNATE 
BERTHING 
MECHANISM 
mw 
LOAD TRANSFER CAPABILITY 
BENDING MOMENT, ftilb 
TORSION, Wlb 
AXIAL, Ib 
SHEAR, Ib 
MAX PAYLOAD WEIGHT, Ib 
1200 7800 
700 
600 
50 600 
65K (VRCS) I 8K (PRCS) 
RELATIVE DOCKING VELOCITY 
LATERAL, Ws 
AXIAL, ft/s 
ROTATIONAL, deg/s 
ANGULAR, deg/s 
.1 .13 
. 1  .13 
.3 .3 
.3 .3 
IMPACT LOADS, IW I 
CAPTURE AXIAL, in. 
ENVELOPE LATERAL, in. 
ANGULAR 
ROTARY 
3.9 
f4.0 
1.5 
f4.0 
k 4 O  
f 4 O  
CAPTURE TIME. s I 3 + 20 RGD I 135 TO 320 
AXIAL, in. 
LATERAL, in. 
ANGULAR 
ROTARY 
.1 
.1 
- + 1 5 O  
f.4O 
I 
1 NSTS 07700 VOLUME XIV, REVISION 1, SEPETEMBER 16,1986 
2 OMV PRELIMINARY DESIGN DOCUMENT, BOOK 2, AUGUST 30,1985, NAS8-36114 
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7.1 CANDIDATE LAUNCH VEHICLES, Ih!TERFACES, AND CAPABILITIES 
An evaluat ion o f  design changes t o  OSCRS t o  accommodate launch by an 
ELV was performed. 
the planning o f  f u tu re  launches, and they are being considered f o r  use 
i n  resupply t o  the Space S ta t i on  because Shu t t l e  a v a i l a b i l i t y  w i l l  be 
l i m i t e d ,  p a r t i c u l a r l y  dur ing the assembly phase o f  the Stat ion.  The 
c u r r e n t  types o f  ELVs were examined f o r  c a p a b i l i t i e s  and interfaces. 
Several var iab les were considered i n  the evaluation. These included 
payload d e l i v e r y  weight t o  f i n a l  o r b i t ,  payload f a i r i n g  r e s t r i c t i o n s ,  
a v a i l a b i l i t y ,  and cost. A l i s t  o f  the candidate vehic les and t h e i r  
performance i s  given i n  Table 7.1-1. 
C i r c u l a r  o r b i t  o f  218 nmi and 28.5O due east from KSC i s  l i s t e d  
( s i m i l a r  t o  the Space S ta t i on  o r b i t )  wi th the performance c a p a b i l i t y  Of  
each vehicle. The Commercial T i t a n  (CT) and the Del ta  can place a 
payload i n  t h i s  o r b i t  w i thout  an upper stage, wh i l e  the T i t a n  I 1  and 
A t las  must use an upper stage, which i s  a weight and cos t  penal ty f o r  
these vehicles. 
ELVs are becoming an i nc reas ing l y  important p a r t  i n  
For comparison, a spec i f i c  
Table 7.1 -I  Candidate L.uunch Vehicle Capabilities 
LAUNCH 
VEHICLE 
TITAN IV 
TITAN 111 
TITAN I I  
DELTA 3920A 
DELTA 3920A 
STRETCH 
ATLAS G 
CENTAUR 
ATLAS K 
CENTAUR 
PERFORMANCE 
(LEO-DUE EAST) 
39300 
33600 
5200 
8600 
9300 
13500 
14500 
PAYLOAD ENVELOPE, ft 
DIA X MAX LENGTH 
15 X 66 
10 x 51 
9.3 X 25 
7 x 1 4  
8.3 X 14 
9 x 2 8  
12 X 28 
LAUNCH 
COST, $M 
90 
75 
35 
35 
50 
60 
65 
As shown i n  Table 7.1-1, on ly  the T i t a n  I V ,  wi th i t s  Shut t le-s ized 
pay1 oad f a i r i n g ,  could accept an unmodified OSCRS. 
launch c a p a b i l i t y  o f  the T i t a n  I V  i s  n o t  p r a c t i c a l  unless other  
However, the 1 a r g e  
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payloads are launched w i t h  the OSCRS. 
Reference 5, has the c a p a b i l i t y  t o  s t a b i l i z e  a payload w i thou t  the use 
o f  an upper stage and could place the OSCRS i n  the Space S ta t i on  o r b i t  
f o r  r e t r i e v a l  by the OMV. 
a t t i t u d e  con t ro l  system i n  the forward s k i r t  t o  provide three-axis 
s t a b i l i z a t i o n  i n  a parking o r b i t .  
1 aunch envi ronment compati b l  e w i t h  Shut t l  e o r  A r i  ane, payl oad unique 
adapters, acoust ic blankets i f  required, and rad io  frequency windows 
and access doors where needed. 
thermal con t ro l  maneuvers t o  reduce thermal 1 oads, 
c o l l  i sion/contami na t i on  avoidance maneuvers t o  m i  ti gate payl oad 
contami na t i on  by the T i  t an  ' s a t t i  tude con t ro l  system, and payl oad 
separation t o  a1 1 ow amp1 e d i  stance between deployed payl oads. 
the OSCRS could be l e f t  i n  a r e l a t i v e l y  s tab le a t t i t u d e  by the  T i t a n  CT 
second stage, r e t r i e v a l  by the OMV f o r  subsequent t r a n s f e r  t o  the Space 
S ta t i on  should be feas ib le  and wel l  w i t h i n  the c a p a b i l i t i e s  o f  the 
OMV. 
t o  launch OSCRS t o  o r b i t s  near those o f  the Space Stat ion.  However, 
unless an upper stage i s  f lown w i t h  these vehic les,  none can prov ide 
s t a b i l i z a t i o n  o f  a payload t h a t  does no t  have i t s  own propuls ion 
system. The upper stages designed f o r  use on the A t las  and Del ta  are 
p r i m a r i l y  intended t o  place payl oads i nto  geosynchronous t r a n s f e r  
o r b i t s  and are n o t  i d e a l l y  su i ted  f o r  l ow-o rb i t  payload maneuvering. 
Therefore, because o f  the T i tan  CT's a b i l i t y  t o  place the OSCRS i n  a 
c i r c u l a r  o r b i t  i n  a r e l a t i v e l y  s tab le  a t t i t u d e  and the T i t a n  I V ' s  
Shutt le-s ized payload f a i r i n g ,  these vehic les were focused on i n  
assessing OSCRS impacts. 
The T i t a n  CT, described i n  
The T i tan  CT second stage has a complete 
Payload accommodations inc lude a 
The T i  t an  CT can provide a payload w i t h  
Because 
The A t las  and Del ta  launch vehic les have the payload c a p a b i l i t y  
The in te r faces  between an ELV and the OSCRS would be p r i m a r i l y  
s t r u c t u r a l  and e l e c t r i c a l .  An attachment i n t e r f a c e  on the OSCRS would 
be requi red t h a t  matches the standard i n te r faces  o f  the launch 
vehicle. Currently, the T i t a n  IV i s  n o t  designed t o  accommodate 
m u l t i p l e  s h u t t l e  payloads using t runnion and keel f i t t i n g s  attached t o  
i t s  payl oad f a i  r i ng .  
The e l e c t r i c a l  i n te r faces  provided by a T i t a n  cons is t  o f  power, 
comnand, and telemetry. Both the Commercial T i t an  and T i tan  I V  provide 
these in ter faces,  b u t  the c h a r a c t e r i s t i c s  o f  each are d i f f e r e n t .  
Power i s  provided by s i 1  ver-z i  nc b a t t e r i e s  w i t h  c h a r a c t e r i s t i c s  being 
i d e n t i c a l  f o r  both T i t a n  CT and T i t a n  I V .  Voltage l e v e l  i s  +28 Vdc 
wi th l i m i t s  o f  +24V t o  +34V. Peak power i s  1800 wat ts  w i t h  a t o t a l  
energy l e v e l  o f  6000 watts-hours. Total  b a t t e r y  power o f  6000 
watts-hours i s  used f o r  both payload requirements as wel l  as T i t a n  2A 
s k i r t  requirements. It may be poss ib le  t o  extend the t o t a l  energy 
l e v e l  ava i l ab le  t o  OSCRS by adding a dedicated bat tery .  
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The command .interface c o n s i s t s  of discrete commands only.  
i n t e r f a c e  i s  provided by either Ti tan .  
high-level  discretes (+28 Vdc) w i t h  an op t ion  f o r  up t o  40 more. 
op t iona l  discretes a r e  worked on an i n d i v i d u a l  b a s i s .  
provides  16 high-level discretes. 
any sequence w i t h  any command being repea tab l  e. 
prec ludes  inadve r t en t  i s suance  of a command p r i o r  t o  o r  l a t e r  than i t s  
scheduled time. 
No s e r i a l  
The T i t an  IV 
The T i t an  CT provides  f o u r  
The 
Oiscrete commands can be issued i n  
The d i  screte ci  rcui t r y  
Telemetry sent back t o  Earth i s  by S-band t r a n s m i t t e r .  
p rovides  the c a p a b i l i t y  t o  acqu i r e  data from a payload and interleave 
the data w i t h  i ts own da ta  before  t r ansmi t t i ng .  The T i t an  CT provides  
two b i l eve l  channels and three analog channels a s  s tandard  service w i t h  
an opt ion  f o r  an e x t r a  b i l e v e l  channel and two analog channels i f  
required. Ti tan  IV provides  1 4  channels  a s  s tandard  s e r v i c e .  Optional 
channels can be provided i f  required; the number of  channels  i s  worked 
on an i ndi v i  dual basi  s. 
Each T i t an  
Software i s  provided t o  handle the con t ro l  o f  T i t an  ope ra t ions  from 
launch t o  payload i n s e r t i o n  and s t a b i l i z a t i o n .  
Software (OFS) c o n t r o l s  the T i t an  i n  p lac ing  a s p a c e c r a f t  i n t o  a 
desired o r b i t .  
capabili t ies f o r  mission sequencing, guidance, naviga t ion ,  a t t i t u d e  
c o n t r o l ,  veh ic l e  s t a b i l i z a t i o n ,  and t r a c k i n g  and communication. 
The Operat ional  F1 i g h t  
Software func t ions  provide c a l c u l a t i o n  and con t ro l  
The i n t e r f a c e s  will e x i s t  i n  the 2A skirt w i t h i n  a Ti tan .  This a rea  i s  
a t  t h e  top  of  Sec t ion  2 and below t h e  payload f a i r i n g .  
7.2 POTENTIAL IMPACTS TO OSCRS 
The design impacts on the basic OSCRS t o  accommodate launch on an ELV 
were identified. The impacts a r e  p r imar i ly  s t r u c t u r a l  and av ion ic .  
S t r u c t u r a l  impacts a r e  due t o  the restricted size of  the payload 
f a i r i n g s .  The T i t an  CT payload f a i r i n g ,  shown i n  Figure 7.2-1, can 
accommodate a 143.7-in.-diameter payload. 
Figure 7.2-2 w i t h  the Titan CT and IV f a i r i n g  envelopes shown. 
T i t an  CT, Del ta ,  and At l a s  f a i r i n g s ,  s i g n i f i c a n t  redes ign  of  the 
structure would be required, i n c l u d i n g  the removal o f  the t r u n n i o n  and  
keel f i t t i n g s  and modi f ica t ion  o f  the structure t o  a l low r e p o s i t i o n i n g  
o f  the tanks t o  s t a y  wi th in  the payload envelope,  p a r t i c u l a r l y  i f  five 
t anks  are required, a s  i n  a water OSCRS. While the T i t an  IV payload 
f a r i n g  i s  l a r g e  enough t o  con ta in  an OSCRS wi thout  redes ign  w i t h  the 
t runnion and keel f i t t i n g s  removed, the at tachment  i n t e r f a c e  does not  
accommodate t runnion  and keel f i t t i n g s  b u t  c o n s i s t s  of  e i g h t  hard 
p o i n t s  on an 11.7-in. diameter a s  shown i n  Figure 7.2-2. 
ca se ,  the t runnion  and keel f i t t i n g s  must be either deployable  o r  a b l e  
t o  be a t t ached  on-orb i t  t o  a l low the OSCRS t o  be t r anspor t ed  back down 
i n  the Shu t t l e  payload bay. The T i t an  IV payload c a p a c i t y  i s  much 
l a r g e r  than t b a t  required f o r  OSCRS and is  not  c o s t  e f f e c t i v e  unless 
o t h e r  payloads a r e  launched w i t h  OSCRS. Launch o f  a s tack  of  m u l t i p l e  
payloads,  inc luding  OSCRS, w i t h  an OMV a t t a c h e d ,  would be a workable 
so lu t ion .  
f o r  S t a t i o n  resupply.  
The basic OSCRS i s  shown i n  
For the 
In either 
Such missions could t ake  p lace  i f  T i t an  IV were t o  be used 
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Figure 7.2-1 Titan Payload Envelope and Supporting Avionics 
Launch o f  the OSCRS on the T i t a n  11, Delta, o r  A t las  veh ic le  would 
requ i re  the  add i t i on  t o  these vehic les o f  a l l  subsystems necessary t o  
s t a b i l i z e  the OSCRS a t t i t u d e  u n t i l  i t  could be r e t r i e v e d  by the OMV. A 
so lu t i on  no t  considered p r a c t i c a l  i s  the add i t i on  o f  these systems t o  
OSCRS i t s e l f .  Therefore, based on the cu r ren t  design o f  ELVs, the 
T i tan  CT and T i tan  IV appear t o  be the most p r a c t i c a l  f o r  launch OSCRS. 
I n  order t o  minimize the impacts on OSCRS i t  i s  recomnended t h a t  the 
mission be designed so t h a t  the OMV can rendezvous w i t h  the OSCRS 
attached t o  the T i tan  2A s k i r t  w i t h i n  6 hours. 
would conf igure OSCRS t o  have only  veh ic le  heaters on. 
power and mainta in  temperature. 
T i t a n  command systems 
This w i l l  save 
T i  tan  ’ s te lemetry system woul d moni t o r  
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temperature sensors and t ransmi t  t o  monitor ing ground crews u n t i l  
e i t h e r  OMV a r r i v e s  o r  s i x  hours have ended. The impacts on OSCRS and 
the mission i f  the rendezvous does not  occur w i t h i n  the s i x  hours are 
major and include: 
1 )  !lo a t t i t u d e  con t ro l  system i s  ava i l ab le  on OSCRS t o  s t a b i l i z e  i t  
f o r  OFlV pick-up. 
2 )  A comnand/telemetry system, t ransmi t ter ,  receiver ,  and antennas f o r  
data and con t ro l  must be added. 
3 )  Addi t ion o f  b a t t e r i e s  f o r  the avionics.  
These addi t ions would add substant ia l  cos t  and weight t o  the OSCRS. 
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Figare 7.2-2 OSCRS-Titan Payload Envelope 
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The ove ra l l  conclusions and recommendations f r o m  t h i s  con t rac t  
extension e f f o r t  are summarized i n  t h i s  section. 
designed f o r  manual r e f u e l i n g  i n  the Shu t t l e  payload bay must be 
modif ied t o  s a t i s f y  several Space S t a t i o n  requirements. The modular 
OSCRS design, where major subsystems are station-based, was found t o  be 
the most v e r s a t i l e  and most e f f i c i e n t  approach f o r  Space Stat ion.  
modular OSCRS station-bases po r t i ons  o f  the f l u i d s  subsystem and the 
av ion ics r e s u l t i n g  i n  a s i g n i f i c a n t  decrease i n  s t r u c t u r a l  up/down 
weight. 
be implemented wi th modest cost  impacts compared t o  the basic OSCRS. 
The OSCRS design should a lso be made compatible w i t h  automatic 
re fue l i ng  since i t  i s  a Space S ta t i on  requirement. 
designed f o r  and used a t  the S ta t i on  as a mobile tanker t h a t  i s  
t ranspor tab le t o  various r e f u e l i n g  l oca t i ons  other  than the Serv ic ing 
F a c i l i t y .  Meteoroid and space debr is  p ro tec t i on  must be provided f o r  
the OSCRS wh i l e  i t  i s  a t  the Stat ion.  
0.03 and 0.075 inches t h i c k  would provide adequate p ro tec t i on  f o r  the 
OSCRS where i t  i s  not  already protected by the serv ice f a c i l i t y .  The 
meteoroid and debr is  p ro tec t i on  should n o t  be a p a r t  o f  OSCRS b u t  
should be Station-based t o  avoid a. launch weight penalty. 
OSCRS t o  r e f u e l  OMV, i t  i s  recommended t h a t  changes t o  the basic OMV 
SRV propuls ion system design be implemented. Reducing the number of 
gas connectors from f o u r  t o  one and l o c a t i n g  i t  next t o  the p rope l l an t  
connector would s i m p l i f y  the r e f u e l i n g  operations, p a r t i c u l a r l y  i f  an 
automatic umbi l ica l  mechanism i s  used. Launch o f  OSCRS on an 
Expendable Launch Vehicle i s  f eas ib le  w i t h  design changes. 
f o r  OSCRS t o  be s t a b i l i z e d  by the launch veh ic le  was i d e n t i f i e d  t o  
a l l ow  the OMV t o  r e t r i e v e  OSCRS. Current ly,  on ly  the T i t a n  CT can 
provide t h i s  s t a b i l i z a t i o n  wi thout  an upper stage. The subsystems 
required t o  provide t h i s  c a p a b i l i t y  would have t o  be added t o  the T i t a n  
11, Delta, and At las vehic les.  T i t a n  I V  could provide t h i s  c a p a b i l i t y  
because i t s  payload capaci ty would a l l ow  the simultaneous launch o f  an 
OSCRS and OMV. 
f a i r i n g ,  i s  a lso the only  vehic le  capable o f  launching the basic CSCRS 
as present ly  conf igured f o r  Shutt le.  Use o f  any other  veh ic le  requi res 
s i g n i f i c a n t  s t r u c t u r a l  redesign o f  the OSCRS because o f  the r e s t r i c t e d  
diameters o f  the payload f a i r i n g s .  
f i r m  requirement f o r  OSCRS, i t  must be considered e a r l y  i n  the hardware 
design phase. 
The conclusions and recommendations s p e c i f i c a l l y  r e l a t i n g  t o  av ion ics 
are as fo l lows. 
d e f i n i t i o n  t o  inc lude two f a u l t  t o l e r a n t  command, data and 28 VDC 
power. 
would g r e a t l y  s imp l i f y  the i n t e r f a c e  c a p a b i l i t y  problem. 
Space S ta t i on  av ion ics i n te r faces  are very adequate as def ined i n  the 
cu r ren t  ACD and BCD. 
The basic OSCRS 
The 
Prel iminary evaluat ions i n d i c a t e  t h a t  t h i s  modular izat ion can 
The OSCRS should be 
An aluminum bumper panel between 
To a l l o w  
The need 
The T i t a n  I V  vehic le,  w i t h  i t s  Shutt le-s ized payload 
I f  ELV launch c o m p a t i b i l i t y  i s  a 
The MSC and SFM i n t e r f a c e  c a p a b i l i t y  need f u r t h e r  
Adopting a standard s e r i a l  i n t e r f a c e  such as RS422 o r  15538 
The o the r  
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Stat ion basing o f  the av ion ics makes sense i f  there i s  a standard 
l o c a t i o n  where OSCRS w i l l  be used f o r  resupply. I f  OSCRS i s  t o  be 
moved t o  var ious l oca t i ons  on the Space Stat ion,  then p rov id ing  
m u l t i p l e  sets o f  s t a t i o n  based av ion ics seems i n e f f i c i e n t  and keeping 
the av ion ics on OSCRS would be more appropr iate.  
s t a t i o n  basing o f  the avionics,  i t  i s  recommended t h a t  a m u l t i p l e x e r  
u n i t  be added and the e x i s t i n g  PDU be s p l i t  i n t o  two u n i t s  as p a r t  of 
the basic OSCRS design. When s t a t i o n  basing the av ion ics i t  i s  f u r t h e r  
recommended t h a t  the Space S ta t i on  EDPs be used t o  replace the e x i s t i n g  
OSCRS computers t o  reduce the amount o f  hardware t h a t  has t o  be s t a t i o n  
based. 
I n  order t o  a l l o w  
I n  doing the OMV av ion ics i n t e r f a c e  research, several recommendations 
f o r  improving the OMV t o  payload i n t e r f a c e  were surfaced. 
provide two f a u l t  t o l e r a n t  command, data and power t o  the payloads t h a t  
requ i re  it. 
p rov id ing  a k i t  t o  the OMV t o  supplement the basic CMV prov is ions.  
Another recommendation i s  t o  move the payload RIUs t o  the OMV side O f  
the i n t e r f a c e  t o  save cost, space and weight on each payload. 
w i t h  moving the RIU(s), i t  would be eas ier  t o  accommodate payloads if 
there was a standard s e r i a l  i n t e r f a c e  ava i l ab le  such as RS422 o r  15538 
t o  the RIU(s). A f i n a l  recommendation i s  t o  provide command and data 
storage f o r  the payload since operat ing the OMV r e a l  t ime has p r i o r i t y  
over payload comnands and data, t h i s  would prevent l o s s  o f  c r i t i c a l  
payload data wh i l e  OMV i s  being c o n t r o l l e d  v i a  the ground. 
I n  order t o  avoid compl icat ion o f  the av ion ics subsystem, i t  i s  
recommended t h a t  f o r  resupply missions t h a t  requ i re  mu1 t i p l e  OSCRS t h a t  
each OSCRS be used independently (one a t  a t ime) t o  do the resupply. 
To use OSCRS i n  some s o r t  o f  interconnected scheme would r e q u i r e  
s i  n i f i c a n t  hardware and software modi f icat ions.  It would a lso requ i re  
not  have f u l l  complements o f  avionics.  
The requirements defined i n  t h i s  r e p o r t  are f o r  an automatic r e f u e l i n g  
system and n o t  j u s t  a r e f u e l i n g  mechanism. These requirements need t o  
be expanded and ref ined.  I n  order t o  keep the r e f u e l i n g  process as 
simple as poss ib le  ( i .e. ,  avoid a complex robot ic- type system), i t  i s  
imperat ive t h a t  standard i n te r faces  be def ined as soon as possible.  
There are s i g n i f i c a n t  common funct ions i n  the docking and automatic 
umbi l ica l  mechanisms. For f u t u r e  systems, we recommend t h a t  an 
i n t e r f a c e  be developed t h a t  w i l l  a l l ow  combining these funct ions.  
However, i t  i s  l i k e l y  t h a t  some spacecraf t  w i l l  use another type o f  
docking i n t e r f a c e  such as the FSS la tches which would n o t  be compatible 
w i t h  the combined docking/umbil ical mechanism approach. For these 
appl icat ions,  a separate automatic umb i l i ca l  would be needed. 
be l ieve i t  may be cos t  e f f e c t i v e  t o  develop a s i n g l e  mechanism f o r  
docking and r e f u e l i n g  which could be modi f ied f o r  use as an automatic 
umbi l ica l  when some other  docking device i s  used. 
One i s  t o  
This could be provided e i t h e r  though the main OMV o r  by 
Along 
mu 4 t i p l e  sets o f  s t a t i o n  based OSCRS avion ics i f  using tankers t h a t  do 
We 
We recommend t h a t  
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the OSCRS design be modif ied t o  provide space i n  the center f o r  the 
docking and automatic umb i l i ca l  mechanisms. 
p a r t i c u l a r l y  valdable when the OSCRS i s  used w i t h  the O W .  
This feature would be 
Exi s t i n g  engi neer i  ng prototype AUMs, both Moog and Mart i  n K a r i e t t a ,  and 
the TRW combined mechanism provide a good s t a r t i n g  p o i n t  f o r  
development. 
requirements def ined f o r  OSCRS. 
However, they must be modif ied t o  meet many of the 
F l u i d  coupl ings and e l e c t r i c a l  connectors t h a t  meet the requirements 
need t o  be i n teg ra ted  i n t o  the mechanisms, 
ab le t o  design the mechanism t o  accept d i f f e r e n t  couplings and 
connectors. 
feature. 
on ly  f o r  mating the coupl i ngs  (no r o t a t i o n )  
It would be des i rab le t o  be 
However, we should no t  pay a l a r g e  penal ty  f o r  t h i s  
For example, we should design the mechanism f o r  t r a n s l a t i o n  
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APPENDIX A - ADOENDA TO OSCRS END ITEM SPECIFICATIONS ........................................................................ 
The fo l l ow ing  i s  a l j s t  o f  addenda t o  the OSCRS System End I tem 
Spec i f i ca t i on  ( E I S )  and the F l i g h t  Vehic le End I tem Spec i f i ca t i on  
( DRD-7 t o  accommodate the modul a r  OSCRS conf i g u r a t i  on. 
Paragraph 
System €IS 
1 .O Scope 
3.1 System D e f i n i t i o n  
3.1.1 General Descr ip t ion 
3.3.6 
3.6.1.2.3.1 
F l i g h t  Vehicle E I S  
1 .O Scope 
3.1.1 General Descr ip t ion  
3.2.1.5 
3.3.5.3 
Add t o  I tem 2: "The OSCRS s h a l l  be designed 
modularly t o  accommodate basing o f  subsystem 
elements a t  the Space Stat ion."  
Add the fo l l ow ing  t o  I tem 1 : 
s t ruc tu ra l ,  f l u i d ,  and av ion ics subsystems 
s h a l l  be modularized t o  a l low removal f o r  
Stat ion-basi  ng. 'I 
"The OSCRS 
Add the fo l l ow ing  t o  I tem 1 : 
s h a l l  cons i s t  o f  the fo l l ow ing  modules: 
p rope l l an t  storage module, pressurant 
storage/control  module, vent system module, 
and av ion ics module." 
'The OSCPS 
Change I tem 5 t o  the fo l lowing:  "E lect ron ic  
equipment t h a t  i s  e l e c t r o s t a t i c  discharge 
sens i t i ve  s h a l l  be handl ed according t o  
V a r t i n  P a r i e t t a  Procedure 75025. 'I 
Change I tem 2 as f o l  1 ows: "Power avai  1 ab1 e 
t o  the rece iver  spacecraf t  shal 
watts maximum. I' 
Add to Item 2: "The OSCRS shal 
modularly t o  accommodate basing 
be 250 
be designed 
o f  
subsystems elements a t  the Space Stat ion.  I' 
Add t o  I tem 1 : The OSCRS s h a l l  cons i s t  o f  
the fo l low ing  modules: p rope l l an t  storage 
modul e, pressurant storage/control  modul e ,  
vent system modul e, and av ion ics  modul e. I' 
Delete I tem 19. 
Change I tem 6 t o  read: 
equipment t h a t  i s  e l e c t r o s t a t i c  discharge 
sensi ti ve s h a l l  be handl ed according t o  
F l a r t i  n Mar ie t ta  Procedure 75025. 
"E lect ron ics 
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\!e have not  i d e n t i f i e d  any items t h a t  would have a s i g n i f i c a n t  impact 
on the basic  program p lan  submitted wi th  our basic  OSCRS study. 
However, we do recommend t h a t  R&D work continue on automatic r e f u e l i n g  
inc lud ing  system i n t e g r a t i o n ,  i n t e r f a c e  d e f i n i t i o n ,  mechanism 
requirements ref inement and the  design and t e s t  o f  a prototype 
mechanism. 
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All o f  the recommended design changes t o  the OSCRS are expected t o  be 
w i t h i n  the error band o f  the estimate provided w i t h  the basic CSCRS 
study except i n  the avionics subsystem. 
We estimate that the avionics cost will increase by $1.2M. 
is  as follows: 
The basis 
Added mu1 ti pl  exer $ 750K 
S p l i t  PDU i n t o  two boxes $ 250K 
Added GSE $ 150K 
$l,15@K 
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